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PREFACE

The following report has been prepared in support of the “Supplemental Investigation Work Plan
for the Lower Housatonic River” under the Technical Support Services, General Electric (GE)
Housatonic Project, Pittsfield, Massachusetts. The methods used are available in public
scientific literature and are thus non-proprietary. Potential risk associated with the use or misuse
of the methods or results from this study, outside the scope of this project, will be assumed by
future investigators. The author would like to acknowledge Mr. Robert Rogers for his assistance

in preparing this report.

FEL — Lower Housatonic River Project 1



INTRODUCTION

The United States Environmental Protection Agency (USEPA) is currently characterizing the
natural resources of the Housatonic River in portions of Pittsfield, Lenox, and Lee,
Massachusetts. The study area is approximately 19 K long and extends from Newell Street in
Pittsfield to Woods Pond Dam in Lee. It includes riverine habitats, floodplain wetlands, and
uplands associated with the main-stem of the river. Polychlorinated biphenyls (PCBs) that
originated from the General Electric (GE) facility in Pittsfield have been found within the river

and its adjacent floodplains (Woodlot Alternatives, 2001).

The Housatonic River and its floodplains provide habitat for a wide variety of reptiles and
amphibians, collectively referred to as herpetiles. As many as 40 species of snakes, turtles,
frogs, toads, and salamanders (Brandon, 1964) potentially occur in the study area (TechLaw,
1998). Breeding amphibians, including frogs, toads, and salamanders, use portions of the river
and temporary and permanent pools, known as vernal pools, for courtship and egg laying. These
areas then support larval-age amphibians for periods ranging from several months to more than a
year, depending on the species. Wood frogs (Rana sylvatica), for example, metamorphose into
the adult form in 2 to 3 months, while green frogs (Rana clamitans) can take over a year to

complete metamorphosis (Duellman and Trueb, 1986; Hunter et al., 1992).

Overall, the objective of this study was to determine if PCB or other contaminants of potential
concern (COPC) adversely affected wood frog development, growth, and maturation in vernal
pools located in the lower Housatonic River study area. Wood frog egg masses, larvae, and
metamorphs were collected from selected vernal pools varying in sediment PCB contamination.
Egg masses were cultured in the laboratory using representative site water and sediment, and
evaluated for development, growth and maturation. Additional sets of larvae and metamorphs
were collected from the respective vernal pools for examination. Toxicological effects noted
were then compared directly to sediment and tissue PCB levels, and in some cases other COPC
tissue concentrations, in an effort to further determine the capacity of PCBs and other COPCs to
disrupt various developmental processes in wood frogs. Reproductive performance and

developmental fecundity were measured by comparing egg mass size (weight and number of
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eggs), viability/necrosis, fertilization, early embryogenesis, hatching success, mortality,
morphological development (teratogenesis), and growth (linear length in larvae and weight in

metamorphs).

To document potential impact on longer-term developmental processes, exposure studies were
conducted in the laboratory throughout metamorphosis. Metamorphosis, because of the array of
biochemical processes occurring simultaneously, is a sensitive stage in the life cycle of
amphibians and a stage that is sensitive to endocrine disruption. Since several classes of
xenobiotics have been shown to alter thyroid function in metamorphosing frogs (Fort and Stover,
1997a, Fort et al., 1999a and 1999b), this phase of the study was of great importance. Inclusion
of each endpoint in the present study generally covers the gamut of development from early

embryo through metamorphosis.

In this report, we present the results from a study designed to evaluate development, growth, and
maturation of wood frogs collected from vernal pools in the Housatonic River study area
potentially exposed to PCBs and other COPCs, including, dioxins/furans, polynuclear aromatic
hydrocarbons (PAHs), and Appendix IX pesticides and heavy metals. This “2000 Rana sylvatica
Vernal Pool Study” was conducted in conjunction with the “2000 Rana pipiens Reproduction
and Development Study” (Fort Environmental Laboratories, 2003) that was originally proposed
as a component of the “Supplemental Investigation Work Plan for the Lower Housatonic River”.
Further, the present study provided assurance that adequate data on amphibian development was
collected in the event that insufficient developmental data from the “2000 Rana pipiens
Reproduction and Development Study” were collected. Overall, frogs were chosen as the
representative amphibian species due to their presence in the Housatonic River study area,
reported sensitivity to PCBs, high potential for exposure due to both aquatic and terrestrial life
stages, and capacity to be evaluated for reproductive and developmental metrics in the field and
laboratory (Bonin et al., 1995; Huang, et al., 1998; Huang et al., 1999; Johnson et al., 1999; Jung
and Walker, 1997; Pollard and Adams, 1988; Rosenshield et al., 1999; Russell et al., 1995).
Because frogs are considered sentinels in the environment, selection of frogs for this study was

further warranted.

FEL — Lower Housatonic River Project 3



APPROACH

Study Overview

An overview of the present study is provided in Figure 1. In summary, this study was divided
into three distinct, but complementary phases. Phase I involved laboratory culture of field-
collected egg masses. In the main study, egg masses collected from selected target site and
reference site vernal pools were cultured in natal pool sediment/water in the laboratory.
Endpoints selected to evaluate the fecundity of the test specimens were based on three broad
developmental periods; egg mass, larval, and metamorph stages (see Figure 1). In addition,
supplemental investigations including a crossover exposure study and Aroclor 1260 spiking
study were performed. In the crossover exposure study, reference site larvae were exposed to
target site vernal pool media and conversely, target site vernal pool larvae were exposed to
reference site media. The objective of this supplemental investigation was to evaluate the
importance of maternal PCB transfer and environmental accumulation of PCBs and other COPCs
as exposure pathways, based on accumulation and the biological responses observed. The
primary objective of the Aroclor 1260 sediment spiking study was to determine the potential of
this commercial PCB mixture to affect developmental fecundity in a controlled laboratory
setting. Phase Il involved field collection of larvae during four events, each separated by several
weeks. Larvae were examined for malformations and growth. Phase III involved field collection
of metamorphs during one discrete event. Specimens were examined for external malformations,
internal abnormalities, gender (sex ratio), and weight. Tissue samples of individual egg masses,
larvae, and metamorphs from Phase I, individual larvae from Phase II, and a composite of
metamorphs from Phase III were analyzed for total PCBs. Phase III metamorph composite
samples were also analyzed for PCB congeners, PAHs, dioxins and furans, and Appendix IX

pesticides and metals.

Selection of Test Species

The species selected for this study was the wood frog (R. sylvatica). Wood frogs are abundant in

the Housatonic River study area (Techlaw, 1998) and constitute an important component of the
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Housatonic River ecosystem. Wood frogs have a limited home range, spending a significant
proportion of their early life stages in aquatic environments, particularly vernal pools (Hunter et
al., 1999). Thus, PCB and other COPC body burdens in these animals reflect the diet, sediment,
and water column concentration in the areas from which they were collected (Stebbins and
Cohen, 1995). Also, because wood frogs lay thousands of eggs, it was possible to collect a
sufficient number of eggs to ensure confidence in study results. Finally, an established peer-
reviewed methodology for ranid embryo culture in the laboratory was available (Dickerson,
1969; Nussbaum et al., 1983; Carolina Biological Supply Company, 1993; Nieuwkoop and
Faber, 1994; Fort and Stover, 1996a; Fort and Stover, 1996b; ASTM, 1998; Bantle et al., 1998;
Ankley et al., 1998).

Wood frogs typically emerge from hibernation near the end of March and begin breeding soon
there after. Unseasonably warm weather may accelerate this process such that migration of
gravid females could occur prior to the planned field collection period. However, unseasonably
cold weather or dry conditions may postpone breeding for several weeks. Adult wood frogs
typically amplex near the edges of vernal pools and release egg masses within the pools. The
bulk of the adult female wood frog diet prior to breeding consists primarily of insects. Weather
conditions prior to field collection were closely monitored to determine when to initiate
collection efforts. Prior to conducting fieldwork, appropriate scientific collecting permits for the
study described in this work plan were obtained from the Commonwealth of Massachusetts,

Division of Fisheries & Wildlife (MNHESP, 1997).

Sampling Strategy

Nine vernal pools containing varying levels of PCB contamination and three vernal pools
locations within designated reference areas were originally selected for sampling to ensure a
broad distribution of PCB concentrations. The locations were not intended to be completely
representative of the entire river, but rather were intended to encompass the range of sediment
PCB levels in the Lower River. The reference and target site sampling locations selected are

illustrated in Figures 2 and 3, respectively.
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The vernal pools selected for use in this study were verified to represent wood frog habitat.
Selection of pools for this study was based on existing ecology (Techlaw, 1998; Woodlot
Alternatives, 2001) and PCB contamination data. Further, the vernal pools in the study area
were mapped and characterized prior to sampling using methods developed by Kenney (1995)
for Massachusetts. This information included size and depth of pools, and species utilizing the
pools for breeding (Woodlot Alternatives, 2001). Additionally, pool permanence (i.e., water
available in pool long enough for wood frogs to complete reproductive cycle), location, and PCB

concentration were used as selection criteria.

Each pool was surveyed to locate wood frog egg masses. Larval wood frog collection began
circa early April 2000 and end with metamorph collection in late August 2000. Care was taken
to ensure that only the amounts of specimens necessary to complete the study were captured.

Project scientists minimized pool disturbance regardless of the method employed.
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MATERIALS AND METHODS

Project Participants

The laboratories and consulting groups that participated in this study were Woodlot Alternatives
(Topsham, ME), Weston Solutions (Pittsfield, MA), The Stover Group (Stillwater, OK), the
Texas A&M University Geotechnical and Environmental Research Group (GERG) (College
Station, TX), EVS Environment Consultants (North Vancouver, BC, Canada), and Fort

Environmental Laboratories (Stillwater, OK).

Woodlot Alternatives was responsible for the initial ecological characterization (Woodlot
Alternatives, 2001), designation of sampling sites, and collection of biological specimens from
the field. Weston Solutions collected water and sediment samples, provided a clearinghouse for
submission of samples for analytical chemistry analysis to the contract laboratories, and
maintained analytical and biological databases. GERG was responsible for conducting COPC
analyses with water, sediment, and tissue samples. Culturing and monitoring of developing
embryos, larvae, and metamorphs were performed by The Stover Group. Fort Environmental
Laboratories completed data collection and review, including an external assessment of
malformation and necropsy, data processing, data analysis, and reporting. EVS Environment

Consultants assisted with statistical analysis and review of the draft reports.

Materials

The following equipment was used to collect specimens and water and sediment samples from
the field: camera, binoculars, field notebooks, rubber knee- and hip-boots and chest waders,
heavy-duty rain gear, eye protection, rubber gloves, GPS receiver, aquatic funnel traps, 2 D-ring
dip net, dissecting tray, chemically clean sample jars (two-liter and four-liter size), survey
flagging, Ziploc-type bags, wet and dry ice, aluminum foil, hardware cloth (for drift fences),

shovels, post-hole digger, brush cutters, pitfall traps (each composed of two #10 metal cans),

FEL — Lower Housatonic River Project 7



heavy-duty stapler and staples, coolers for shipping samples, vermiculite, HOBO data loggers,
and conductivity, DO, and pH meters.

Methods

Field Procedures

The estimated area, mean depth, and PCB concentration for the nine study area vernal pools and
three reference pool originally considered for the study are presented in Table 1. Sediment
samples (0 to 5 cm from ground surface) were collected from vernal pools in the study area and
analyzed for total PCB concentration. Zero to 5 cm represented a reasonable sampling depth
based on the interaction of the test specimens with the sediment. Larval hatching, development,
growth, and metamorphosis of wood frogs within the vernal pools exhibiting a range of sediment
PCB concentrations, from no measurable sediment PCB contamination to relatively high PCB

concentrations within the study area, were then studied.

A summary of the samples collected and sample sizes is provided in Table 2. In this design,
wood frog egg masses, larvae, and metamorphs were collected. In Phase I, six separate egg
masses were collected from each pool during one sampling event. In Phase II, larvae were
collected in each of four sampling events from each vernal pool. Likewise, in Phase III,
metamorphs were collected from each vernal pool. In addition, composite water samples and
composite sediment samples were collected (see Collection of Sediment and Water Samples,
page 9) from each site during the egg mass collection event (Phase I) for organism culture

(renewal) and chemistry.

Methods of Specimens Collection
Egg masses were carefully scooped into specimen jars such that the integrity of the mass was not

altered. The sampling team captured larvae using several techniques, including dip nets and

aquatic funnel traps, and pitfall traps for metamorphs. The specimens were delivered to the
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processing area (Weston Solutions Laboratory, Pittsfield, MA) in separate containers labeled
with location and date of collection. Larvae were carefully placed in specimen jars and
completely filled with the appropriate site water to ensure desiccation did not occur.
Metamorphs were placed into 24-L Styrofoam coolers lined with moist Sphagnum moss for
shipping to the laboratory. Perforated lids were securely affixed to the coolers with duct tape to
prevent escape and the coolers were labeled. The amount of time lapse between specimen

collection, processing, and receipt of the specimens by The Stover Group was within 48-h.

Prior to delivery to The Stover Group, the coolers containing the specimens were kept in air-
conditioned rooms with temperatures ranging from 10 to 15° C (Weston Solutions Laboratory,
Pittsfield, MA). The water used for maintaining the specimens during transportation was
collected from the pools where they were collected. For the metamorphs, sphagnum moss was
changed as needed and kept moist. Representatives of the laboratory were available during the
collection to assist in making decisions on sampling if additional sampling locations are needed
or the number of specimens requested cannot be achieved for any reason. Specimens were
shipped to the lab the same day collected. The specimens were shipped by a priority overnight
(24-h) service that offers a ground service, or by a commercial carrier offering air transit of live
specimens. Packaging of the specimens (metamorphs) with moss and water was adequate to

ensure successful arrival.

Collection of Sediment and Water Samples

Sediment and water column samples were collected at each vernal pool. Initially, six 4-L grab
samples of water and four 2.5-Kg (ca. 1-L) grab samples of sediment were collected at each
location (8-VP-1, 18-VP-2, 23b-VP-1, 23b-VP-2, 38-VP-1, 38-VP-2, 46-VP-1, 46-VP-5, WML-
1, WML-2, and WML-3) by Weston Solutions and composited by vernal pool in accordance
with the methods specified in the Field Sampling Plan (Weston, 1998). A second set and third
set of water samples were later collected from the vernal pool sites, with the exception of the
three reference pools (WML-1, -2, and —3), following the aforementioned sampling methods.
The second sampling event was identical to the initial event. Because of concerns of depleting

water levels at some of the vernal pool locations, the third and final water collection event
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consisted of four 200-250 gal. carboy containers. Two of the carboys, designated as Hubbard
and Pomeroy, contained water from vernal pool locations other than the vernal pools targeted for
study. Hubbard represented water from sites with sediment total PCB concentrations of less than
1.0 mg/Kg (23b-VP-1 and 23b-VP-2). Pomeroy represented water from sites with sediment total
PCB amounts greater than 1.0 mg/Kg (8-VP-1, 18-VP-2, 38-VP-1, 38-VP-2, and 46-VP-5). The
third carboy contained water from site 46-VP-1. The fourth carboy contained water from
reference site WML-1 and represented all three reference sites. The water and sediment samples
were used to culture the specimens collected and conduct general water physicochemical
analyses. One-L of the composited water sample from each pool from each sampling event was
used for physicochemical analysis. Duplicate samples were collected for analytical analysis and

QA as necessary.

Sample Documentation and Labeling

Field notes were recorded in a logbook in accordance with the field sampling plan (Weston,
1998). Each specimen was identified in the logbook using a unique 16-digit sample
identification number. Sample nomenclature methodology was specifically described in the
QAPP (Weston, 1999). The label coding system was not explained to biological laboratory
personnel (The Stover Group) to ensure that they remain blind as to the origin of a given animal.
Global positioning system (GPS) data were collected so that the geographical coordinates of the
collection locations were identified. Specific documentation of habitat within each location was
provided using digitally collected images and written field observations. In addition, analytical
samples were recorded in a logbook using labeling consistent with that specified in the QAPP

(Weston, 1999).

Sample Preservation and Shipping of Tissue Samples

Following examination and/or culture of the specimens, samples were euthanized, frozen, and
packaged for shipment to Weston for tissue analysis. Specimens to be analyzed for analytical

parameters, including PCBs and other COPCs, were packaged as described below following snap

freezing in liquid nitrogen at The Stover Group. The frozen egg samples were returned to
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Weston Solutions (Pittsfield, MA Laboratory) for submission to the contract analytical chemistry
laboratory. The frozen masses, larvae, and metamorphs were shipped on dry ice to the analytical
laboratory in ice chests that were labeled in accordance with ERT/REAC SOP #2002 (EPA,
1994). The ice chests were placed into polyethylene bags (one sample per bag), which were then
sealed and placed into U.S. Department of Transportation (DOT) approved fiberboard boxes
lined with plastic sheeting, bubble wrap, and sufficient vermiculite to absorb any potentially
leaking material. All outer packing materials were also perforated to allow gas exchange. One
chain-of-custody form (in triplicate) was placed into a watertight bag and taped to the inside of
the lid of each cooler. In accordance with DOT regulations, the lids were slightly perforated to
allow for release of carbon dioxide gas as the dry ice melts. In this case, the ice chests were then
placed into cardboard boxes that have also been perforated to allow gas release. The boxes were
securely taped and appropriately labeled according to the courier’s protocols. International Civil
Aviation Organization regulations stipulated that any volume of dry ice is a Class 9
Miscellaneous Hazardous Good (IATA, 1993). In order to provide a means by which the entire
path of a sample can be traced, a chain-of-custody record was be maintained from the time a

sample was collected through analysis or hatching, as specified in the QAPP (Weston, 1999).

Laboratory Procedures

Approach

The laboratory procedures used in the present study are described in the following sections.
Because the primary objective of this study was to collect additional developmental effects data,
each of the three primary developmental life stages; fertilized egg or egg mass, larval
development, and metamorphosis were considered. Each of these three primary life phase was
assigned a phase to the project, such that Phase I evaluated eggs masses, Phase II evaluated
larval development, and Phase III evaluated metamorphosis. In order to more fully evaluate
wood frog development, representative samples of eggs masses collected during Phase I were
also cultured in the laboratory thorough metamorphosis in water and sediment from the vernal
pool from which they were collected. Laboratory culture of the collected egg masses also

allowed crossover exposure and sediment spiking studies to be performed. In the crossover
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studies, egg masses collected from contaminated sites were cultured in reference site water and
sediment media, and egg masses collected from reference sites were cultured in contaminated
site media. These crossover studies sought to determine the significance of transgenerational
toxicant transfer (maternal transfer) to the developing progeny relative to environmental
exposure in terms of toxicological effects and toxicant accumulation. PCB spiking studies in
which reference site sediment was spiked with 30 mg/Kg of Aroclor 1260 and exposed to a
subset of developing wood frog hatchlings from the reference site was also conducted to help
more specifically determine the effects of PCB exposure on wood frog development and
establish the potential for bioaccumulation. In contrast to Phase I, which involved culture of
field collected egg masses in the laboratory, Phases II and III only evaluated specimens collected

from the field at each respective life stage and did not involve laboratory culturing.

Phase I — Egg Mass Viability, Larval Development and Maturation in Culture

Egg Mass Viability

Six egg masses were collected for study from each of the vernal pools with the exception of site
39-VP-1 as identified in Table 1. No wood frog egg masses were found throughout the study in
vernal pool 39-VP-1 (52.0 mg/Kg sediment total PCBs). Upon arrival at the laboratory, all
samples were logged into the Laboratory Information Management System (LIMS). Egg masses
were immediately transferred to individual 4-L containers (one egg mass per test vessel) with the
appropriate vernal pool water. In order to maintain adequate dissolved oxygen (DO) levels, each
sample chamber was aerated. Preliminary data were then collected and recorded in the Phase I
notebook. This data consisted of an evaluation of, egg mass weight, approximate egg count,
fertilization, and necrosis. Approximately 25% of each egg mass was sectioned, weighed, snap

frozen, and stored for PCB analysis.

Each individual egg mass was cultured in the 4-L containers at 23 + 1° C and DO > 6.0 mg/L.
Test vessels were placed randomly on test racks in accordance with the randomization chart
provided in Appendix E. Randomization charts represented a completely redomized design.
Cultures were monitored daily. During this evaluation of early development, egg masses were

cultured and observed until hatching was complete. This evaluation included determination of
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the number hatched, the number of unhatched/necrotic eggs, and other abnormalities during early

embryogenesis.

The embryos were expected to hatch within 7-10 days (Gosner, 1960). Embryos were not fed
during the 7-d pre-hatch observation period, since the yolk sac that remains prior to hatching
provided sufficient nourishment for the first 7-10 days following fertilization. After hatching
was completed, the spent egg mass gelatin was snap frozen in liquid nitrogen and stored frozen
for possible tissue analysis. Once hatched, larvae from each egg mass were photographed and
digitized prior to being reared in 4-L containers with the appropriate site water and sediment.
The remaining larvae not used in the larval development and maturation study were snap frozen
in liquid nitrogen and stored frozen for tissue analysis. Larvae were then monitored for
developmental abnormalities. Malformed larvae were also documented photographically.
Photographs were taken approximately every 7-10-d until the larvae had undergone metamorphic

climax. These photos were digitized for a comparison of average growth rates.

Larval Development and Maturation

For the culturing portion of Phase I groups of approximately 100 hatchlings from each egg mass
(n=6) from each pool described in the preceding section were placed in each of 4 replicate 4-L
exposure chambers (25 per replicate vessel) for monitoring throughout metamorphosis. Because
it could not be assumed that the primary source of PCBs to the developing embryos was via
maternal transfer to the egg during oogenesis, it was necessary to add site or reference site water
and sediments to the test vessels. Furthermore, based on its composition, it was likely that the
jelly coat surrounding the embryo would not completely prevent passage of PCBs or other
COPC:s to the developing embryos. Nylon mesh inserts were inserted into the exposure vessels
at the sediment/water interface prior to the addition of the hatchlings. The mesh insert allowed
easy retrieval and observation of the larvae during observation periods by gently lifting the mesh
insert while allowing direct contact with the sediment. Approximately 200-g of sediment (wet
weight) was placed in the bottom of each 4-L container, the exposure inserts added, and the
vessels filled with 3-L of the appropriate site water. This represented a 1:15 ratio of sediment to
test water. Although this ratio of sediment to water was less than that typically used in similar

studies (Fort and Stover, 1997b), the high amount of decaying organic material in the sediment
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samples made it physically impossible to achieve a greater ratio of sediment to water. This
represented a fairly realistic exposure scenario in the laboratory (Fort and Stover, 1997b).
Vessels containing embryos from reference and target areas were discretely labeled and then
randomly distributed within an incubator. Laboratory personnel were blind to the origin of the
embryos in each test vessel. Adequate pH (ca. 7.0-7.5) in the cultures were maintained at all
times, as well as a temperature of 24 £1° C. Although each culture vessel was aerated, dissolved
oxygen was monitored and was not allowed to drop below 6.0 mg/L. The test chambers were
maintained on a 12-h day/12-h night cycle, and renewed as needed to account for evaporation
and to maintain a constant water volume. Sediment was changed as needed. Dead embryos
were removed, counted, and recorded daily. The water and sediment samples used, including the

specific weight of sediment, are provided in Appendix A.

Morphological evaluation of the developing larvae was conducted either at the end of an
observation period or upon the death of the juvenile or embryo. These observations continued
until the specimens either metamorphed or died. The following specific abnormalities were
recorded: hemorrhage; axial malformations; blistering and edema; and abnormal development of
the gut, head, face and eye, heart, and brain. Growth (length for larvae and weight for

metamorphs) was also measured.

Dead larvae were assigned numbers for tracking. They were then snap frozen in liquid nitrogen
and stored frozen for further evaluation, including possible tissue residue analysis. After
metamorphic climax, all larvae were photographed, reviewed for abnormalities, and snap frozen

in liquid nitrogen for possible tissue analysis.

Crossover Exposure Studies

In an effort to examine the role of transgenerational transfer of PCBs from the mother to the
offspring relative to the impact of environmental exposure during development, hatchlings from
the reference sites were exposed to contaminated site water and sediment. Reciprocally,
hatchlings from contaminated sites were exposed to reference site water and sediment. For these
studies, approximately 250 hatchlings from reference site WML-2 were cultured in 10 replicate

4-L chambers containing water and sediment from test site 38-VP-2 and approximately 250
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hatchlings from reference site WML-1 were cultured in 10 replicate 4-L. chambers (25 organisms
per replicate) containing water and sediment from test site 38-VP-1. Reciprocally,
approximately 250 hatchlings from test site 38-VP-2 were exposed to reference site WML-2
water and sediment and approximately 250 hatchlings from test site 38-VP-1 were exposed to
reference site WML-1 water and sediment in each of 10 separate 4-L replicate chambers (25
organisms per replicate). For each crossover treatment, organisms were randomly selected from
a composite of organisms from each of 5 randomly selected egg masses from each respective
site, with the exception of the reference site WML-1 organisms seeded into site 38-VP-1 media.
In this case, composited organisms from 5 randomly selected egg masses were randomly placed
in each of 8 replicates instead of 10, due to a shortage of specimens. A similar 1:15 ratio of the
respective site sediment to site water was used in both crosses as used in the general Phase I
culture study. As with the main developmental study, test vessels were placed randomly on test
racks in accordance with a randomization chart (Appendix E), which represented a completely
randomized design. Cultures were prepared and maintained as described in the previous

exception.

Aroclor 1260 Spiking Study

As a means of evaluating the potential toxicological effects of Aroclor 1260 on larval
development, reference site sediment from site WML-3 was analytically spiked with Aroclor
1260 at a concentration of 30 mg/Kg. A random selection of 100 hatchlings from a compsite of
5 egg masses from reference site WML-3 were placed in each of four replicate 4-L vessels (25
hatchlings per chamber) and exposed to water and 30 mg/Kg Aroclor 1260-spiked sediment from
reference site WML-3. A set of 100 randomly selected hatchlings was also exposed to unspiked
WML-3 sediment in the same format described above. Aroclor 1260 spike treatment test vessels
and reference site vessels were placed randomly on test racks in accordance with the
randomization charts provided in Appendix E. These charts also represented a completely

randomized design.
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Phase II - Larval Evaluation

Four sampling events, designated Events 1-4, and spaced ca. 3 weeks a part were performed so
that the majority of larval development was considered. Larval specimens were collected from
each vernal pool during the four events for evaluation in the laboratory. Upon receipt by The
Stover Group, all samples were logged into the LIMS. All live larvae were then photographed
and digitized for length (growth). At this time, The Stover Group personnel reviewed each
specimen for abnormalities and the results were recorded. The following specific abnormalities
were specifically evaluated: hemorrhage; axial malformations; blistering and edema; and

malformation of the gut, head, face and eye, heart, brain.

Phase III - Metamorph Evaluation

Two sets of at least 50 metamorphs were collected per vernal pool for evaluation in the
laboratory with the following exceptions: 8-VP-1, with one set of 5 specimens; WML-41, with
one set of 39 specimens; and 39-VP-1 and WML-2, where no metamorph specimens were found.
Upon receipt by The Stover Group, all samples were logged into the LIMS. All live
metamorphic wood frogs were photographed and the weight of each frog was recorded. After
initial observation, photography, and weighing, a random selection of ca. 10% of the specimens
collected were snap frozen and stored frozen for tissue analysis. Due to the fact that no rearing
was involved, dead specimens arriving at The Stover Group were dealt with in the same manner

as live metamorphs, providing sufficient integrity of the specimens had been maintained.

Because of the time required to adequately necropsy each of the individual specimens collected
from each site, specimens marked for necropsy were preserved in 3% (w/v) formalin. Specimens
were necropsied, with photographic documentation of any specific abnormalities. Specific
attention was focused on the differentiating gonadal tissue, with an assessment of tissue type,
phenotypic sex, and potential viability. Viscera, including gut, liver, and kidneys were also
examined for abnormalities. The specimens were prepared for a ventral incision. A 5-10 cm
incision was made through the skin, starting immediately anterior to the vent and proceeding in

an anterior direction through the sternum. Care was taken to only cut the skin by lifting the skin.
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Two transecting incisions were made at the ends of the primary incision and skin peeled back to
expose viscera. The primary organs were examined for general health, tumors, lesions, lesions,
discoloration, shape, parasites, and position. The examination was initiated with the lower GI
tract, including the rectum, intestines, and stomach, and proceeded to the liver, spleen, kidneys,
and the reproductive organs. The incision was continued in an anterior direction to expose the
lungs, heart, and upper GI tract, as necessary. The brain and eyes were examined by making a
dorsal incision through the palate. In some cases, fatty tissue and bone fragments were removed.
Once the examination was completed, the specimens were frozen at —20°C. Digital pictures of

the whole animal and necropsy findings were prepared and filed in the data records.

Analytical Analyses

Analysis of total PCBs was conducted on site composited sediment and water samples, and
Phase I egg mass section (grab from an individual egg mass) and metamorph (composite of
specimens generated from an individual egg mass) samples. Phase II larvae (composite of
specimens generated from an individual egg mass) samples were also analyzed for total PCBs.
COPC analysis (total PCBs, Aroclor-specific PCBs, PAHs, dioxins/furans, and Appendix X
organochlorine pesticides and metals) was performed on Phase III metamorphs, composited by
individual site. Tissue samples were processed by The Stover Group, Fort Environmental
Laboratories, and Weston Solutions and returned frozen to Weston Solutions for shipment to
GERG for total PCBs and other COPC analysis. The Stover Group analyzed the water
composite samples for general water quality parameters, including DO, pH, hardness, alkalinity,

conductivity, ammonia-nitrogen, and nitrate/nitrite-nitrogen.

Data Analysis

Data Collection

For Phase I embryo-larval development and maturation, mortality, malformation, and growth

were determined for the test and reference sites using a dissecting microscope (Fort et al., 1995,
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1996b and 1997a; ASTM, 1998). Types of abnormalities and developmental stage relative to
days in culture were also determined. For Phase II, malformation and growth endpoints were
evaluated. Malformation frequencies, necropsy findings, sex ratios, and growth were measured
in Phase III. The relative rate of development was captured using a Sony CCD-iris high-
resolution color digital video camera. A Pentium 800 MHz computer with image processing
software and a FlashPoint 128 (Integral Technologies, Inc., Indianapolis, IN) video frame
grabber was used to digitize test specimens throughout the study. A ruler videotaped with the
larvae was used to correct for image distortion and calibrate the length-measuring program to
ensure accurate measurements of the larvae. Head-to-tail or snout-to-vent lengths were

measured using Sigma Scan (SPSS, Corte Madera, CA).

As an initial step in the evaluation, a database was developed for each vernal pool for each phase
of study. This database was developed in spreadsheet format and sorted by pool and by
specimens groups. The database included the following information: identification number of
the vernal pool, egg mass, necrosis, number of eggs, fertilization rate, mortality incidence,
abnormality incidence by type of deformity and total number, abnormalities occurring during
metamorphosis, sex ratio, and PCB concentrations in the associated vernal pool sediment and
tissues. The Quality Assurance Unit (QAU) verified the accuracy of the data sets prior to
statistical evaluation. EVS Environment Consultants and Terrastat Consulting Group (Everett,

WA) provided an additional external QA review of the data sets.

Statistical Analysis

Hypothesis Testing

Statistical evaluations of differences in outcomes between respective crossover study treatments,
or treatments associated within the Aroclor 1260 spiking study, were evaluated based on
homoscedastic t-tests (1 tail, 0.05), providing the data sets were found to be normally distributed
with homogeneous variance using ToxCalc 5.0 (Tidepool Scientific Software, 1994).
Proportional data was transformed using an arcsine squareroot transformation prior to formal

statistical evaluation. Normality of data set distributions was determined by the Shapiro-Wilks
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test. For non-normally distributed data sets, non-parametric tests, such as the Wilcoxon Two
Sample test (1 tail, 0.05) and Kruskal-Wallis one-way ANOVA (P=0.005), were used. To be
ecologically conservative, no adjustment to the significance level was performed during this
analysis. Conclusions based on the hypothesis test were further examined with respect to

biological significance.

Correlation Analysis

Spearman’s Rank Correlation analysis was used to establish relationships between PCB
concentrations and biological effects observed, larval and metamorph tissue and egg mass PCB
concentrations and sediment PCB concentrations, and the biological endpoints evaluated in this
study. As with the hypothesis test, data sets were evaluated for normality prior to correlation

analyses.
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RESULTS

Sample Collection

Chain-of Custody documents are provided as Appendix B. Results from sample collection
efforts are documented in a master specimens inventory list provided in Appendices C, D, and E.
With the exception of site 39-VP-1 (52.0 mg/Kg sediment total PCBs) in which no specimens
were found, the remaining 11 sites (8 target and 3 reference) produced an adequate number of

specimens to fulfill the sampling requirements necessary to complete this study.

Vernal Pool Water Quality Characteristics

Results of water quality characterization of samples collected from the pools during field
collection and samples collected for the culturing portion of Phase I studies are reported in Table
3. Generally, aquatic habitats suitable for amphibians are of low to moderate hardness and
alkalinity, with near neutral pH to slightly alkaline pH, and adequate levels of dissolved oxygen
(>4 mg/L). Little is currently known about trace mineral requirements, although the presence of
calcium, magnesium, and potassium ions appear to be important. Excessive levels of ammonia
and nitrite can be deleterious. However, the general water quality characteristics of the vernal
pool samples were similar and consistent with normal aquatic habitat requirements for most

amphibians, including R. sylvatica (Rowe et al., in press; Stebbins and Cohen, 1995).

Water, Sediment, and Other COPC Analyses

Results of water, sediment, and tissue analyses are provided as Appendix F. A summary of these
results is presented in Table 4. It should be noted that the sediment chemistry data presented for
the present vernal pool studies represented the average of two individual samples with the
exception of 38-VP-1, which were collected approximately one month apart (April and May,
2000). These data were collected in support of the present ecotoxicological studies. No

sediment data collected prior to the initiation of the two amphibian studies were included in the
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sediment chemistry values presented in either developmental determinations of contaminant
effects on amphibian populations (i.e., spatially weighed vernal pool and backwater habitat data
used in the evaluation of concentration/response relationships). Use of additional data in the

interpretation of relative risk of COPCs is beyond the scope of these studies.

Analyses included PCBs (aroclors and total), dioxins and furans, and Appendix X pesticides on
all samples, with the addition of Appendix IX semi-volatiles (including PAHs) and metals on the
sediment samples collected in May 2000. The sediment total PCB values used for the present
study were based on an average of the two sediment samples collected for each vernal pool. All
chemistry values are reported as dry weight for sediment samples and wet weight for tissue
samples. The initial sediment total PCB values (for samples collected April 4-10, 2000) ranged
from 0.12 mg/Kg (23b-VP-1 and 23b-VP-2) to 94.0 mg/Kg (38-VP-2). The remaining vernal
pool sediment tPCB concentrations were: 0.87 mg/Kg (46-VP-1), 3.6 mg/Kg (46-VP-5), 5.2
mg/Kg (18-VP-2), 12.0 mg/Kg (8-VP-1), and 38.0 mg/Kg (38-VP-1). Total PCB at station 39-
VP-1 was 52.0 mg/Kg; this station was not sampled in May 2000. Total PCB measures at the

three reference stations were all rejected (as per Weston Solutions data qualifier).

The sediment total PCB values from the second sampling event (for samples collected May 2-19,
2000) ranged from 0.098 mg/Kg (23b-VP-2) to 30.0 mg/Kg (38-VP-2). The remaining vernal
pool sediment tPCB concentrations were: 0.25 mg/Kg (23b-VP-1), 0.13 mg/Kg (46-VP-1), 0.75
mg/Kg (46-VP-5), 6.9 mg/Kg (18-VP-2), 17.0 mg/Kg (8-VP-1), and 18.0 mg/Kg (38-VP-1).
Total PCB measures at the three reference stations were all below detection limits (DL range =

0.07 to 0.13 mg/Kg).

Average vernal pool sediment total OC-pesticides ranged from 0.02 mg/Kg (23b-VP-1) to 3.6
mg/Kg (39-VP-1). Reference site total OC-pesticide concentrations ranged from 0.02 to 0.07
mg/Kg (values are based on 72 detection limit, as all pesticide concentrations in the reference
sediments were below the respective detection limits). The total OC-pesticide values included in
this report are based on only three compounds: 4,4 —DDD, 4,4 — DDE, and 4,4 — DDT. All
other pesticide compounds included in the sediment chemical analysis dropped out, due to an

abundance of non-detect results (> 80%) and/or detection limits exceeding measured values.
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Average total dioxins/furans sediment levels ranged from 80.8 ng/Kg to 3,715 ng/Kg in target
vernal pools (based on geometric mean and 'z the detection limit for non-detect values, for both
target and reference stations). Average reference station total dioxins/furans ranged from 33.1 to
177 ng/Kg. The geometric mean was selected as the superior measure of central tendency
(relative to the arithmetic mean), due to the systematic difference noted between the measured
values from the first and second sampling event. The dioxin/furan values were considerably
higher in the May 2000 sampling, sometimes 2-3 orders of magnitude greater than values
recorded for the same station in the April 2000 samples. Total sediment PAH values ranged
from 3.3 mg/Kg to 20 mg/Kg at target vernal pools, and from 18 mg/Kg to 22.4 mg/Kg in the

three reference vernal pools (based on % of the detection limit for individual compounds).

Of the heavy metals analyzed as a component of the Appendix IX analyses, the following metals
at a target venal pool(s) were > 2 times the average reference concentration: arsenic, chromium,
copper, mercury, nickel, and tin. The maximum metal concentration at any given target station
was approximately 5 times the average reference concentration. The average reference total
metals concentration was 337 mg/Kg. Target total metals concentrations exceeded this reference

average at 5 vernal pools, but no vernal pool total was > 2 times the reference total metals value.

In the present study, the sediment total PCB values used for evaluation against biological effects
data are mean values determined by EVS Environmental Consultants (Table 4 and Appendix F).
Thus, the sediment total PCB concentrations used in this study were 14.5, 6.1, 0.19, 0.11, 28.0,
62.0, 52.0, 0.5, and 2.2 mg/Kg. for vernal pools 8-VP-1, 18-VP-2, 23b-VP-1, 23b-VP-2, 38-VP-
1, 38-VP-2, 39-VP-1, 46-VP-1, and 46-VP-5, respectively. The sediment total PCB levels for
reference areas WML-1, WML-2, and WML-3 were ND (0.007 mg/Kg), ND (0.013 mg/Kg), and
ND (0.011 mg/Kg), respectively. Although water total PCB levels from each of the vernal pools
were not used in the analysis of the present data, water total PCB levels measured at sites 8-VP-
1, 18-VP-2, 23b-VP-1, 23b-VP-2, 38-VP-1, 38-VP-2, 39-VP-1, 46-VP-1, and 46-VP-5 were
3.25x10, 0.18x10™, 0.13x10™%, 0.14x10™, 0.55x10™, 4.65x10™, 0.96x10™, 0.18x10™, and
0.26x10™ mg/L, respectively. Water total PCB concentrations were 0.2x10, 0.13x10™, and
0.13x10* mg/L at reference sites WML-1, WML-2, and WML-3, respectively.
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Phase I

Tissue Residue Analyses

Phase I Cultures

Total PCB levels were measured in specimens cultured from egg masses in Phase I studies. A
comparison between Phase I total PCB concentrations in sediment samples and various tissue
studied are illustrated in Figure 4. Two types of specimen were analyzed, egg mass sections and
metamorph samples which were collected during the laboratory culture portion of the Phase I
studies. Results from these analyses are provided in Table 4. Egg mass total PCB levels ranged
from 11.1 mg/Kg in specimens collected from site 46-VP-1 (0.5 mg/Kg sediment total PCB) to
1.2 mg/Kg in specimens collected from site 23b-VP-2 (0.11 mg/Kg sediment total PCB). No
relationship between the egg mass tissue total PCBs and the sediment total PCB levels at the
vernal pools where the specimens were collected was detected (Correlation 1 of Table 5 —
Spearman’s Rank Correlation, n=8, r=0.42, p>0.05). The Phase I metamorph samples collected
from the laboratory cultures generally contained greater levels of total PCBs than the egg masses
from which they developed. This trend was particularly obvious in the specimens cultured from
vernal pools with high levels of sediment total PCB contamination, including site 8-VP-1 (5.8
mg/Kg whole body total PCB), site 38-VP-2 (6.6 mg/Kg whole body total PCB), and site 38-VP-
1 (4.7 mg/Kg whole body total PCB). A reverse trend was noted in metamorph samples
collected from laboratory cultures from target sites with little or no sediment total PCB
contamination, including sites 23b-VP-1 and 23b-VP-2, such that tissue levels in the metamorph
samples collected from the laboratory culture were 11.5- and 14.3-fold less than levels found in
their respective egg masses. Tissue total PCB levels in metamorphs collected from laboratory
cultures of egg masses collected from low-level total PCB contamination, such as sites 46-VP-1
and 46-VP-5, showed relatively modest increases in total PCB levels of 5.3- and 2.6-fold. No
relationship between tissue total PCB levels in metamorphs collected from Phase I cultures and
sediment total PCB levels was found (Correlation 2 of Table 5 — Spearman’s Rank Correlation,

n=8, r=0.52, p>0.05).
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Crossover and Aroclor 1260 Spike Studies

Results of tissue total PCB analysis of crossover culture specimens and specimens cultured in
Aroclor 1260 spiked reference sediment and reference site water are provided in Table 4 and
Figure 5 and 6, respectively. Metamorph specimens from reference sites WML-1 and WML-2
cultured in site 38-VP-2 (62.0 mg/Kg sediment total PCB) and site 38-VP-1 (28.0 mg/Kg
sediment total PCBs) contained total PCB levels of 6.6 mg/Kg and 7.8 mg/Kg. These levels
were nearly 1,001- and 2,058-fold greater than the levels detected in the egg masses prior to the
crossover culture treatment, respectively. Conversely, metamorph specimens collected from
sites 38-VP-2 and 38-VP-1 and cultured in reference site water and sediment from reference sites
WML-1 (ND [0.007 mg/Kg] sediment total PCBs) and WML-2 (ND [0.013 mg/Kg] sediment
total PCB) contained 0.05 mg/Kg and 0.10 mg/Kg total PCBs, respectively.

Metamorph samples from reference site WML-3 (ND [0.011 mg/Kg] sediment total PCBs)
hatchlings cultured in reference site sediment spiked with 30 mg/Kg Aroclor 1260 contained
0.53 mg/Kg total PCB which represented approximately a 69.4-fold increase in total PCBs from
the original reference site egg mass. Both of these supplemental investigations associated with
Phase I indicated that vernal pool site media and exposure duration were significant factors in the

uptake of PCBs by amphibian receptors.

Egg Mass Fecundity and Hatching Success

Results of egg mass fecundity assessments, including weights, egg counts, fertilization rates,
necrosis rates, and hatching success, are provided in Figures 7-11. The following values
presented, with the exception the of egg mass weight data, were extrapolated from 25% and 30%
subsamples to represent counts from 100% of the egg masses. Prior to evaluating the general
effects observed at the target sites relative to the reference sites, the three reference sites were
tested for homogeneity to determine if they could be pooled to simplify statistical analysis.
These tests indicated the reference sites were homogeneous. Thus, results for the reference sites

were pooled and compared against the target sites. A comparison of mean egg mass weights
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between each sampling location is provided in Figure 7. Mean egg mass weights collected from
site 8-VP-1 (14.5 mg/Kg sediment total PCBs) and site 38-VP-1 (28.0 mg/Kg sediment total
PCBs) were 335.9 g and 322.0 g, respectively. The reference site mean egg mass weight was
215.3 g. The mean egg mass weights of specimens collected from sites 18-VP-2, 23b-VP-1, 23b-
VP-2, 38-VP-2, 46-VP-1, and 46-VP-5 (6.1, 0.19, 0.11, 62.0, 0.5, and 2.0 mg/Kg sediment total
PCBs, respectively) of the target site sampling locations were 152.1, 190.7, 287.5, 254.7, 284.0,
and 238.1 g, respectively. No relationship between egg mass weight and sediment total PCB
levels was detected (Correlation 3 of Table 5 — Spearman’s Rank Correlation, n=8, r=0.41,
p>0.05). In addition, no apparent relationship between egg mass weight and egg mass tissue
total PCBs existed. These results that suggested that the sediment total PCB levels were not an
indicator of egg mass weight, which was not necessarily surprising, considering the mobility of
the females throughout the study area. Further, it is distinctly possible that the average exposure
concentration for a given female prior to egg mass deposition may not approximate the natal

pool sediment total PCB concentrations.

A comparison of mean egg counts between each sampling location is provided in Figure 8.

Mean egg mass counts were generally less variable between sites than mean egg mass weights.
The mean egg mass count determined for target site sampling location 18-VP-2 (6.1 mg/Kg
sediment total PCBs) was 1857 eggs. The mean egg counts calculated for the remaining target
sites ranged from 618 to 952 eggs. The reference site mean egg mass count was 740 eggs. No
relationship between mean egg counts from egg masses collected at each site and sediment total
PCB levels was found (Correlation 4 of Table 5 — Spearman’s Rank Correlation, n=12, r=0.20,
p>0.05). In addition, no apparent relationship between egg mass counts and egg mass tissue total

PCBs existed.

A comparison of mean egg mass fertilization between each sampling location is provided in
Figure 9. The mean egg mass fertilization for samples collected at target sites 8-VP-1 (14.5
mg/Kg sediment total PCBs), 23b-VP-1 (0.19 mg/Kg sediment total PCBs) and 23b-VP-2 (0.11
mg/Kg sediment total PCBs) were 70.0%, 74.4%, 77.5%, respectively. Target sites 38-VP-2
(62.0 mg/Kg sediment total PCBs), 46-VP-5 (2.2 mg/Kg sediment total PCBs), 18-VP-2 (6.1
mg/Kg sediment total PCBs), 38-VP-1 (28.0 mg/Kg sediment total PCBs), and 46-VP-1 (0.5
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mg/Kg sediment total PCBs) had mean egg mass fertilization rates of 91.5%, 99.9%, 82.4%,
97.1%, and 92.1%, respectively. The frequency of fertilization for the mean reference site egg
masses was 94.1%.. No relationship between egg mass fertilization and sediment total PCB
concentrations was noted (Correlation 5 of Table 5 — Spearman’s Rank Correlation, n=8, r=0.07,
p>0.05). In addition, no apparent relationship between egg mass fertilization and egg mass

tissue total PCBs existed.

A comparison of mean egg necrosis between each sampling location is provided in Figure 10.
The mean egg mass necrosis rate for samples collected at target sites 38-VP-2 (62.0 mg/Kg
sediment total PCBs), 46-VP-5 (2.2 mg/Kg sediment total PCBs), 38-VP-1 (28.0 mg/Kg
sediment total PCBs), and 46-VP-1 (0.5 mg/Kg sediment total PCBs) were 8.5%, 0.5%, 4.9%,
and 9.7%, respectively, while the mean of the reference site egg masses was 10.3%. The mean
egg mass necrosis for sites 8-VP-1 (14.5 mg/Kg sediment total PCBs), 18-VP-2 (6.1 mg/Kg
sediment total PCBs), 23b-VP-1 (0.19 mg/Kg sediment total PCBs), and 23b-VP-2 (0.11 mg/Kg
sediment total PCBs) were 30.1%, 17.6%, 25.7%, and 33.3%, respectively. No relationship
between egg mass necrosis and sediment total PCB concentrations was observed (Correlation 6
of Table 5 — Spearman’s Rank Correlation, n=12, r=0.33, p>0.05). In addition, no apparent

relationship between of egg mass necrosis and egg mass tissue total PCBs existed.

The mean hatching success of egg mass specimens collected from the target site sampling
locations is presented in Figure 11. Target sites 8-VP-1 (14.5 mg/Kg sediment total PCBs) and
23b-VP-2 (0.11 mg/Kg sediment total PCBs) had mean hatching success of 55.7% and 57.2%.
Hatching success in the remaining target site sampling locations ranged from 75.8% to 93.6%,
whereas the mean hatching success of the reference site egg masses was 77.3%. No relationship
between egg mass hatching success and sediment total PCB concentrations was identified
(Correlation 7 of Table 5 — Spearman’s Rank Correlation, n=12, r=0.20, p>0.05). In addition, no

apparent relationship between rates of egg mass necrosis and egg mass tissue total PCBs existed.
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Larval Development and Growth

Larval mortality for the egg masses cultured in the laboratory from each site is provided in
Figure 12. The mean larval mortality for larvae cultured from sites 23b-VP-1, 23b-VP-2, 46-VP-
1, and 18-VP-2 (0.19, 0.11, 0.5, and 6.1 mg/Kg sediment total PCBs, respectively) were
reasonably similar to larval mortality for the reference sites WML-1, -2, -3 (ND [0.01 mg/Kg]
sediment total PCBs). Mean larval mortality for specimens cultured from sites, 38-VP-2, 46-VP-
5, and 38-VP-1 (62.0, 2.2, and 28.0 mg/Kg sediment total PCBs, respectively) were less than the
reference sites WML-1, -2, -3 (ND [0.01 mg/Kg] sediment total PCBs) larval mortality rate.
Interestingly, larvae cultured from sampling locations containing relatively low sediment PCB
levels demonstrated greater rates of mortality than larvae cultured from sampling locations

containing relatively greater sediment PCB concentrations.

Rates of development for egg masses cultured in the laboratory from each site are provided in
Figure 13. Evaluation of developmental trajectories provides an assessment of the specific rates
of development by assessing the stage of development relative to the time in culture. The rate of
development of larvae cultured from sites 38-VP-1, 18-VP-2, 46-VP-1, 8-VP-1, and 38-VP-2
(28.0, 6.1, 0.5, 14.5, and 62.0 mg/Kg sediment total PCBs, respectively) were generally less than
the rate of development of the reference site larvae. The rates of development of larvae cultured
from sites 23b-VP-1, 23b-VP-2, and 46-VP-5 (0.19, 0.11, and 2.2 mg/Kg sediment total PCBs,

respectively) were comparable to the larval development rates for the reference site larvae.

The frequencies of malformation observed in specimens from each of target site sampling
locations during the first evaluation period in April 2000 were 7.1% (8-VP-1 [14.5 mg/Kg
sediment total PCBs]), 10.4% (38-VP-2 [62.0 mg/Kg sediment total PCBs])), 16.4% (46-VP-5
[2.2 mg/Kg sediment total PCBs]), 16.6% (18-VP-2 [6.1 mg/Kg sediment total PCBs]), 2.4%
(23b-VP-1 [0.19 mg/Kg sediment total PCBs]), 2.9% (23b-VP-2 [0.11 mg/Kg sediment total
PCBs]), 31.0% (38-VP-1 [28.0 mg/Kg sediment total PCBs]), and 3.9% (46-VP-1 [0.5 mg/Kg
sediment total PCBs]) compared to 0.5% for specimens collected from the reference site
sampling locations (ND [0.01 mg/Kg] sediment total PCBs).. In May 2000 (second evaluation

period), the incidences of malformation in larvae cultured from sites 8-VP-1, 38-VP-2, 46-VP-5,
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18-VP-2, 23b-VP-1, 23b-VP-2, 38-VP-1, and 46-VP-1 (14.5, 62.0, 2.2, 6.1, 0.19, 0.11, 28.0 and
0.5 mg/Kg sediment total PCBs, respectively) were 10.2%, 12.6%, 36.7%, 26.0%, 3.8%, 5.3%,
32.4%, and 10.5%, respectively.. The incidence of malformation observed in specimens cultured
from the reference site sampling locations was 0.4%. During the third evaluation period (June
2000), the incidences of malformation in larvae cultured from sites 8-VP-1, 38-VP-2, 46-VP-5,
18-VP-2, 23b-VP-1, 23b-VP-2, 38-VP-1, and 46-VP-1 (14.5, 62.0, 2.2, 6.1, 0.19, 0.11, 28.0 and
0.5 mg/Kg sediment total PCBs, respectively) were 18.0%, 41.3%, 32.6%, 41.3%, 3.7%, 20.4%,
46.7%, and 11.8%, respectively, compared to 1.7% malformation for larvae cultured from the
reference site sampling locations. In July 2000 (fourth evaluation period), the malformation
frequencies for larvae cultured from target site locations 8-VP-1, 38-VP-2, 46-VP-5, 18-VP-2,
23b-VP-2, and 46-VP-1 (14.5, 62.0, 2.2, 6.1, 0.11, and 0.5 mg/Kg sediment total PCBs,
respectively) were 65.8%, 50.9%, 28.3%, 30.4%, 15.4%, and 14.9%, respectively. Larvae
cultured from target site locations 23b-VP-1 (0.19 mg/Kg sediment total PCBs) and 38-VP-1
(28.0 mg/Kg sediment total PCBs) had malformation incidences of 0.0%. Specimens cultured
from the reference site locations also had no incidences of malformation for the fourth evaluation

period.

A significant relationship between mean larval malformation frequency (Gosner stage 20-24)
and total PCB levels in respective sediments was detected (Correlation 8 of Table 5 —
Spearman’s Rank Correlation, n=8, r=0.86, p<0.05). No relationship between Phase I egg mass
tissue total PCBs levels and the mean incidence of larval malformation was found (Correlation 9
of Table 5 — Spearman’s Rank Correlation, n=10, r=0.50, p>0.05). Further, no relationship
between larval tissue total PCB concentrations and the mean incidence of larval malformation
was identified (Correlation 10 of Table 5 — Spearman’s Rank Correlation, n=8, r=0.33, p>0.05).
It should be noted, however, that the sample types compared (egg mass tissue and larval whole
body tissue) were not necessarily related biologically, creating some degree of uncertainty
centered around the strength of the biological association. The statistical test utilized was only
intended to provide additional insight into the relationship between egg mass tissue residues and
larval stage body burdens. The mean malformation frequencies for specimens cultured from all

sample site locations during the entire culture period of Phase I are presented in Figure 14.
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The proportion of each type of malformation observed in larvae raised in the laboratory from
each site is presented in Figures 15-23. Malformation of the tail, notochord, craniofacial region,
eye, and mouth were noted as characteristic malformations in lab-reared larvae from sites 38-VP-
2, 8-VP-1, 18-VP-2, 38-VP-1, and 46-VP-5 (62.0, 14.5, 6.1, 28.0, and 2.2 mg/Kg sediment total
PCBs, respectively). More specifically, axial flexure of the tail resulted from abnormal myotome
development. The myotome, a mesodermal derivative, differentiates into the musculature
surrounding the skeletal system and possesses contractile properties in the young larvae that
often result in the kinking of the tail, when insult to the myotome occurs. Notochord lesions in
the anterior portion of the tail resulted in an “osteolathyrogenic-like” kinking of the tail.
Osteolathyrogenic malformations in larval amphibians are the result of abnormal cross-linking of
collagen in the notochord. The malformations observed were highly similar to those induced by
known osteolathyrogenic compounds. However, since no biochemical analysis was performed
to determine if the malformations specifically involved abnormal collagen polymerization, the
defect was referred to as “osteolathyrogenic-like”. Blisters were also found directly on the
surface of the tail fin. Morphological distortion of the craniofacial and mouth region, and
incomplete development of the lens of the eye were also observed. Abdominal edema was also
observed in specimens from these sites. No characteristic malformations beyond baseline effects
were noted in malformed larvae from sites 23b-VP-1 and 23b-VP-2 (0.19 and 0.11 mg/Kg
sediment total PCBs, respectively), and the reference sites WML-1, -2, and -3 (ND [0.01 mg/Kg]
sediment total PCBs).

Mean embryo-larval growth rates for larvae cultured from each of the target and reference sites
are presented in Figure 24. None of the larval growth rates were less than the growth rate
measured for the mean of the reference sites. In contrast, larvae cultured from site 38-VP-1 grew
markedly larger than the reference site specimens. Interestingly, development was found to be
markedly slower in cultured larvae from site 38-VP-1 (28.0 mg/Kg sediment total PCBs) [Figure
13] indicating a longer time to metamorphosis. It is important to note that development,
including rate and normalcy, and physical growth of larvae may not necessarily be related.
Abnormal development may occur without impact on the rate of growth (length or mass). In
some cases, the rate of development or growth may be affected without the induction of overt

malformation. However, as observed in the present study, delayed development can exacerbate
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the induction of malformation by physically increasing the duration of critical developmental

windows during which malformations are caused.

Larval Maturation and Metamorphosis

The ability of larvae cultured in the laboratory from each site represented in this study to
successfully complete metamorphosis is presented in Figure 25. The percentage of larvae
completing metamorphosis relative to the initial number of specimens in culture from sites 38-
VP-2, 46-VP-5, and 38-VP-1 (62.0, 2.2, and 28.0 mg/Kg sediment total PCBs, respectively)
were 48.2%, 64.0%, and 74.2%, respectively. The proportion of specimens that metamorphosed
from site 18-VP-2 (6.1 mg/Kg total PCBs) was 2.4%. The proportion of specimens completing
metamorphosis in specimens from sites 23b-VP-1, 23b-VP-2, and 46-VP-1 (0.19, 0.11, and 0.5
mg/Kg sediment total PCBs, respectively) were 11.2%, 17.2%, and 13.3%, respectively. . The
proportion of specimens that metamorphosed from the reference sites (ND [0.01 mg/Kg] total
PCBs) was 20.4%. No relationships between the proportion of the specimens completing
metamorphosis and either metamorph tissue total PCB or sediment total PCB levels at each
sampling site were detected (Correlations 11 and 12 of Table 5 — Spearman’s Rank Correlation,

n=8, r=0.24, p>0.05; and n=8, r=0.41, p>0.05, respectively).

Results of external morphological examination of the metamorphs collected from the laboratory
cultures for each site are presented in Figure 26. The mean incidence of abnormalities in
metamorphs raised in the laboratory from target sites 8-VP-1, 38-VP-1, and 38-VP-2 (14.5, 28.0,
and 62.0 mg/Kg sediment total PCBs, respectively) were 12.9%, 16.6%, and 16.8, respectively,
and 2.5% for the reference sites (ND [0.01 mg/Kg] sediment total PCBs). An elevated rate of
abnormality (28.6%) was also detected in specimens cultured from site 18-VP-2 (6.1 mg/Kg
sediment total PCBs). The mean incidence of abnormalities in metamorphs raised in the
laboratory from sites 46-VP-5, 23b-VP-1, 23b-VP-2, and 46-VP-1 (2.2, 0.19, 0.11, and 0.5
mg/Kg sediment total PCBs, respectively) were 3.1%, 0.7%, 2.0%, and 1.4%, respectively.

Mean metamorph weight from larvae collected from each site is illustrated in Figure 27. Mean

metamorph weights in specimens cultured from sites 18-VP-2 and 38-VP-1 (6.1 and 28.0 mg/Kg
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total PCBs, respectively) were 0.74 g and 0.61 g, respectively. The mean metamorph weights
from the remaining sampling sites, ranging from 0.25 to 0.42 g, were similar to the reference

sites weight (0.30 g).

Crossover Exposure Studies

The crossover exposure studies included the following treatment scenarios:

e Reference site WML-1 larvae cultured in site 38-VP-1 media (28 mg/Kg sediment total
PCB),

e Reference site WML-2 larvae cultured in site 38-VP-2 media (62 mg/Kg sediment total
PCB),

e Target site 38-VP-1 larvae cultured in reference site WML-1 media (0.007 mg/Kg
sediment total PCB),

e Target site 38-VP-2 larvae culture in reference site WML-2 media (0.013 mg/Kg
sediment total PCB),

e Reference site WML-1 larvae cultured in WML-1 media (from main study), and

e Reference site WML-2 larvae cultured in WML-2 media (from main study).

The results of exposing reference site specimens to target site media and target site specimens to
reference site media are presented in Figure 28. None of the cumulative mortality frequencies
for each of the four crossover exposures performed were significantly different from either the

reference site mortality frequency or each other (t-test, p<0.05).

The effect of the crossover exposure treatments, described previously, on larval malformation
during Phase I culture studies is presented in Figure 29. The frequencies of malformation
determined during the first evaluation period (April 2000) for each of the four crossover
exposures performed were 0.6% for reference site WML-1 larvae cultured in site 38-VP-1 media
(28 mg/Kg sediment total PCB), 2.3% for reference site WML-2 larvae cultured in site 38-VP-2
media (62 mg/Kg sediment total PCB), 2.3% for target site 38-VP-1 larvae cultured in reference
site WML-1 media (0.007 mg/Kg sediment total PCB), and 0.4% for target site 38-VP-2 larvae
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culture in reference site WML-2 media (0.013 mg/Kg sediment total PCB). The incidences of
malformation for the reference sites were 0.9% for reference site WML-1 larvae cultured in
WML-1 media and 0.5% for reference site WML-2 larvae cultured in WML-2 media. During
the second evaluation period (May 2000), the frequencies of malformation were 0.5% for
reference site WML-1 larvae cultured in site 38-VP-1 media (28 mg/Kg sediment total PCB),
23.2% for reference site WML-2 larvae cultured in site 38-VP-2 media (62 mg/Kg sediment total
PCB), 8.3% for target site 38-VP-1 larvae cultured in reference site WML-1 media (0.007
mg/Kg sediment total PCB), and 26.8% for target site 38-VP-2 larvae culture in reference site
WML-2 media (0.013 mg/Kg sediment total PCB). The incidences of malformation for the
reference sites were 1.9% for reference site WML-1 larvae cultured in WML-1 media and 0.0%
for reference site WML-2 larvae cultured in WML-2 media. The frequencies of malformation
determined during the third evaluation period (June 2000) for each of the four crossover
exposure treatments were 26.1% for reference site WML-1 larvae cultured in site 38-VP-1 media
(28 mg/Kg sediment total PCB), 30.5% for reference site WML-2 larvae cultured in site 38-VP-2
media (62 mg/Kg sediment total PCB), 26.5% for target site 38-VP-1 larvae cultured in reference
sitt WML-1 media (0.007 mg/Kg sediment total PCB), and 30.1% for target site 38-VP-2 larvae
culture in reference site WML-2 media (0.013 mg/Kg sediment total PCB). The incidences of
malformation for the reference sites were 2.3% for reference site WML-1 larvae cultured in
WML-1 media and 1.1% for reference site WML-2 larvae cultured in WML-2 media. In the
final evaluation period (July 2000), the incidence of malformation in each of the crossover
treatments were 34.7% for reference site WML-1 larvae cultured in site 38-VP-1 media (28
mg/Kg sediment total PCB), 40.2% for reference site WML-2 larvae cultured in site 38-VP-2
media (62 mg/Kg sediment total PCB), 27.2% for target site 38-VP-1 larvae cultured in reference
sitt WML-1 media (0.007 mg/Kg sediment total PCB), and 37.6% for target site 38-VP-2 larvae
culture in reference site WML-2 media (0.013 mg/Kg sediment total PCB). The incidences of
malformation for the reference sites were 2.0% for reference site WML-1 larvae cultured in
WML-1 media and 0.0% for reference site WML-2 larvae cultured in WML-2 media. Overall,
these results suggested that exposure duration was a primary factor in the induction of the effects

observed.
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Larval growth in each of the crossover experiments relative to the reference site specimens is
presented in Figure 30. Appreciable PCBs accumulation in reference site egg masses/larvae
cultured in target site media occurred, whereas little PCB accumulation was observed in target

site specimens cultured in reference site media.

The effect of the previously described crossover study treatments on metamorphic completion
during Phase I culture studies is presented in Figure 31. Specimens from the reference sites
completed metamorphosis at a frequency of 23.0% and 12.8% for WML-1 and WML-2,
respectively. The percentage of specimens completing metamorphosis in the crossover exposure
treatments (reference site WML-1 larvae cultured in site 38-VP-1 media, WML-2 cultured in
target site 38-VP-2 media, target site 38-VP-1 larvae cultured in reference site WML-1 media,
and target site 38-VP-2 larvae culture in reference site WML-2 media) were 32.7%, 19.2%,
32.0%, and 30.0%, respectively. All four crossover treatment malformation frequencies in
metamorph specimens were significantly greater than the respective reference sites metamorph
abnormality rates (t-test, p<0.05) [Figure 32]. However, the abnormality frequencies in
metamorphs from either crossover treatments were not significantly different from each other (t-
test, 1 tail, 0.005). The effect of the crossover treatments on metamorph weight is presented in
Figure 33. As was noted with larval growth, little impact on metamorph weight was detected in

the crossover treatments relative to the reference sites or each other (t-test, p<0.005).

Aroclor 1260-Spiked Sediment

The impact of exposing reference site specimens (site WML-3) (ND [0.01 1mg/Kg] sediment
total PCBs) to corresponding reference site water and sediment spiked with 30 mg/Kg Aroclor
1260 on larval mortality during Phase I culture studies is presented in Figure 34. The cumulative
mean mortality rate for specimens cultured in reference site water and 30 mg/Kg Aroclor 1260-
spiked sediment was not significantly different than the reference site mortality rate (t-test,

p<0.005).

The impact of exposing reference site specimens (site WML-3) to corresponding reference site

water and sediment spiked with 30 mg/Kg Aroclor 1260 on larval malformation, during Phase I
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culture studies, is presented in Figure 35. The frequencies of malformation of culture d O (stage
17),d 11 (stage 24), d 47 (stage 34), and d 74 (stage 40) for WML-3 specimens exposed to the
unspiked WML-3 media were 0.0%, 0.5%, 0.4%, and 1.7%, respectively. In contrast, the
frequencies of malformation on culture d 0 (stage 20), d 31 (stage 24), and d 59 (stage 38) for
WML-3 specimens exposed to the 30.0 mg/Kg Aroclor 1260 spiked sediment were 0.0%, 5.3%,
and 22.9%, respectively. Although data on d 79 was collected for the spiked treatment, no data
were reported since only two larvae survived. The rate of larval growth in the Aroclor 1260-
spiked sediment treatment on study d 11 was not statistically different than the rate in reference
site larvae (t-test, p<0.005) [Figure 36]. In summary, the larval malformations were detected in
specimens exposed to the Aroclor 1260-spiked reference site sediment, most notably, during the
latter evaluation period. Accumulation of total PCB levels was detected in reference site egg

mass/larval specimens cultured in reference site sediment spiked with 30 mg/Kg Aroclor 1260.

The impact of exposing reference site specimens (site WML-3) to Aroclor 1260-spiked reference
site sediment and water on metamorphic completion during Phase I culture studies is presented
in Figure 37. Approximately 69.0% of reference site specimens cultured in Aroclor 1260 spiked
sediment completed metamorphosis, whereas 25.3% of the reference site specimens cultured in
reference site media completed metamorphosis. However, a greater proportion of metamorph
specimens from the Aroclor 1260-spiked sediment treatment were identified as abnormal
(11.6%) compared to the unspiked reference sediment (0.6%) (t-test, p<0.05) [Figure 38].
However, as noted with the other similar Phase I studies, metamorph weight was not appreciably
altered by exposing the reference site specimens to the Aroclor 1260-spiked sediment, compared

to the reference site specimens cultured in reference site media (t-test, p< 0.05) [Figure 39].

Phase 11

Tissue Residue Analysis

Tissue residue analyses from specimens collected during Phase II studies are presented in Table
4. Larval tissue analysis was performed on specimens collected from Events 1 and 3, with the

exception of 38-VP-1 (28.0 mg/Kg sediment total PCBs). No specimens were found at this site
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during Event 3 sampling, requiring tissue analysis of a sample collected during Event 4. The
relationship between Phase 11 tissue sample total PCBs and sediment total PCB levels is depicted
in Figure 40. Event 1 represented young larvae (ca. stage 25), whereas Event 3 represented
prometamorphic larvae (ca. stage 42). Collection of Event 1 specimens was separate by at least
6 weeks from Event 3 specimens. Tissue analyses for Phase II studies were limited to whole
larvae total PCBs. Larval tissue total PCB levels in Event 1 specimens ranged from 0.28 mg/Kg
site 46-VP-1 (0.5 mg/Kg tissue total PCBs) to 3.4 mg/Kg site 23b-VP-1 (0.19 mg/Kg tissue total
PCBs). Larval specimens collected from the reference sites WML-1 and WML-3 during Event 1
contained 0.07 and 0.02 mg/Kg tissue total PCBs. Larval tissue total PCB levels in Event 3
specimens ranged from 0.09 mg/Kg from site 23b-VP-2 (0.11 mg/Kg sediment total PCBs) to
3.5 mg/Kg from site 8-VP-1 (14.5 mg/Kg sediment total PCBs). Larval tissue samples collected
nearly two weeks later during event 4 from site 38-VP-1 (28.0 mg/Kg sediment total PCBs)
contained 10.4 mg/Kg. No relationship between tissue total PCB levels in young larvae
collected from Event 1 and sediment total PCB levels was detected (Correlation 13 of Table 5 —
Spearman’s Rank Correlation, n=8, r=0.42, p>0.05). However, a significant relationship
between tissue total PCB levels in older larvae collected from Event 3 and sediment total PCB
levels was found (Correlation 14 of Table 5 — Spearman’s Rank Correlation, n=8, r=0.93,
p<0.005). Essentially, these results suggested that there was no detectable trend or systematic
pattern in tissue total PCB levels from the first Phase II larval sampling event to the third event.
In the early embryo-larval stages, sediment total PCB levels did not appear to be an indicator of
larval tissue total PCB concentrations. Regardless of the event sampled, specimens collected
from the target sites accumulated PCBs at a greater magnitude than was observed in the
reference organisms. In fact, all target site tissue samples exceeded reference site total PCB
levels. It was also interesting to note that specimens collected from the vernal pools containing
the greatest sediment total PCB concentrations (8-VP-1, 38-VP-1, and 38-VP-2; 14.5 mg/Kg,
28.0 mg/Kg, and 62.0 mg/Kg sediment total PCBs) demonstrated an appreciable increase in

larval tissue total PCBs from the first to the third event.
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Larval Malformation and Growth

Event 1

The incidence of malformation and rates of growth obtained in larval field specimens collected at
the target and reference sites during Event 1 are presented in Figures 41 and 42, respectively.

The estimated state of development was Gosner stage 23-25 (embryo-larval/premetamorphic).
The Event 1 baseline frequency of deformity for specimens collected from the reference sites
was 6.7%. Nearly all of the larvae collected from site 38-VP-1 (28.0 mg/Kg sediment total
PCBs) during Event 1 were malformed. In addition, elevated malformation frequencies were
also found in larvae collected from sites 8-VP-1 (14.5 mg/Kg sediment total PCBs) [mean
53.0%], 46-VP-1 (0.5 mg/Kg sediment total PCBs) [mean 39.3%], and 38-VP-2 (62.0 mg/Kg
sediment total PCBs) [mean 31.5%)]. Slightly elevated malformation frequencies were identified
in field larvae collected at sites 23b-VP-1 (0.19 mg/Kg sediment total PCBs) [17.1%] and 23b-
VP-2 (0.11 mg/Kg sediment total PCBs) [19.6%]. The malformation frequency in field
specimens collected at site 46-VP-5 (2.2 mg/Kg sediment total PCBs) was 8.8%. No
relationships between the incidence of malformations observed in field specimens collected and
either sediment total PCB concentrations, in their respective vernal pools, or tissue total PCB
concentrations were detected (Correlations 15 and 16 of Table 5 — Spearman’s Rank Correlation,
n=10, r=0.44, p>0.05; and n=10, r=0.20, p>0.05, respectively). The mean larval growth in
specimens collected from target site vernal pools ranged from 1.05 to 1.43 cm. The mean

reference site growth was 1.30 cm..

Event 2

The incidence of malformation and rates of growth obtained in larval field specimens collected at
the target and reference sites during Event 2 are presented in Figures 41 and 42, respectively.

The estimated state of development was Gosner stage 38-40 (prometamorphic). The Event 2
baseline deformity rate for specimens collected from the reference sites was <5%. Malformation
rates across each of the sampling sites were markedly lower than those observed in Event 1.

Only abnormality rates in specimens collected from sites 38-VP-1 (28.0 mg/Kg sediment total
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PCBs) [>40%][ were above the baseline reference site deformity rate. No relationship between
the incidence of malformations observed in field specimens collected to sediment total PCB
concentrations in their respective vernal pools was found (Correlation 17 of Table 5 —
Spearman’s Rank Correlation, n=10, r=0.32, p>0.05). The mean larval growth range in
specimens collected at target vernal pool sites varied from 1.77 to 3.44 cm. The mean larval

growth in specimens from the reference site locations was 2.31.

Event 3

The incidence of malformation and rates of growth obtained in larval field specimens collected at
the target and reference sites during Event 3 are presented in Figures 41 and 42, respectively. No
specimens were found at target site 38-VP-1 for Event 3. The estimated state of development
was Gosner stage 40-42 (prometamorphic/metamorphic climax). The Event 3 baseline deformity
rate for specimens collected from the reference sites was <3.0%. The frequency of malformation
across each of the sampling sites were generally lower than those observed in Event 1, but
greater than rates observed in Event 2. The incidence of abnormalities in specimens collected
from sites 46-VP-1 (0.5 mg/Kg sediment total PCBs) and 18-VP-2 (6.1 mg/Kg sediment total
PCBs) were 50.0% and 33.3%, respectively. The frequency of malformation in specimens
collected from sites 46-VP-5 (2.2 mg/Kg sediment total PCBs), 23b-VP-2 (0.11 mg/Kg sediment
total PCBs), and 23b-VP-1 (0.19 mg/Kg sediment total PCBs) were 10.3%, 7.5%, and 5.6%,
respectively. The baseline rate of malformation measured in the reference site specimens was
2.5%. No relationships between the incidence of malformations observed in field specimens
collected and either sediment total PCB concentrations in their respective vernal pools or tissue
total PCBs were noted (Correlations 18 and 19 of Table 5 — Spearman’s Rank Correlation, n=9,
=0.001, p>0.05; and n=10, r=-0.20, p>0.05, respectively). The mean larval growth in specimens
collected at target vernal pool sites ranged from 3.25 to 4.58 cm. The mean larval growth in

specimens from the reference sites was 3.47 cm.
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Event 4

The incidence of malformation and rates of growth obtained in larval field specimens collected at
the target and reference sites during Event 4 are presented in Figures 41 and 42, respectively.
The estimated state of development was Gosner stage 42-45 (metamorphic climax). The Event 4
baseline deformity frequency for specimens collected from the reference sites was ca. 1.0%. The
frequency of malformation across each of the sampling sites were generally lower than those
observed in Event 1, but greater than rates observed in Events 2 or 3. The incidence of
abnormalities in specimens collected from sites 38-VP-2 (62.0 mg/Kg sediment total PCBs) and
8-VP-1 (14.5 mg/Kg sediment total PCBs) were 72.2% and 27.3%, respectively. Malformation
frequency in specimens collected from sites 38-VP-1, 23b-VP-1, , 18-VP-2, 46-VP-5, 46-VP-1,
and 23b-VP-2 (28.0, 0.19, 6.1, 2.2, 0.5, and 0.11 mg/Kg sediment total PCBs, respectively) were
10.9%, 4.4%, 5.5%, 3.5%, 2.0%, and 0.0%, respectively. The baseline frequency measured in
the reference site specimens was 0.9%. A significant relationship between the incidence of
malformations observed and sediment total PCB concentration was observed (Correlation 20 of
Table 5 — Spearman’s Rank Correlation, n=10, r=0.89, p<0.002). Growth was measured, but not
reported for Event 4 specimens due to inability of discriminating growth effects due to

metamorphosis (i.e., tail resorption).

Mean Malformation Response and Characteristic Malformations

Because malformations in developing embryos and larvae can be induced at different windows
during development, the overall mean incidence of larval malformation for each site was also
evaluated as a means of determining which sites possessed the greatest potential to induce
abnormal development and describe the relationship between sediment total PCB levels and
larval malformation. Thus, the mean frequency of malformation during the entire sampling was
determined for each site. The mean incidence of malformation for sites 8-VP-1, 38-VP-2, 46-
VP-5, 18-VP-2, 23b-VP-1, 23b-VP-2 38-VP-1, and 46-VP-1 (14.5, 62.0, 2.2, 6.1, 0.19, 0.11,
28.0, and 0.5 mg/Kg sediment total PCBs) were 20.1%, 27.5%, 6.5%, 11.6%, 7.6%, 6.8%,
51.2%, and 23.7%, respectively. The mean incidence of malformation for the reference site

larvae was <5.0%. A significant relationship between the mean incidence of malformations
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observed over events 1-4 and sediment total PCB concentration was detected (Correlation 21 of

Table 5 — Spearman’s Rank Correlation, n=10, r=0.83, p=0.005).

Characteristic malformations detected during Phase II studies are summarized in Figures 43-51.
Characteristic malformations are the defects in various organ system that comprise a syndrome
caused by a stressor or stressors. Characteristic malformations are determined by evaluating
which deformities are consistently induced at a frequency greater than a reference subject and
increase in severity with either increased concentration or exposure to a given stressor.
Evaluation of malformation types using this criteria helps reduce the inadvertent inclusion of
non-specific malformations in the descriptive evaluation. The characteristic malformations
observed in specimens collected from site 8-VP-1 (14.5 mg/Kg sediment total PCBs) were
abnormal coiling of the gut, craniofacial defects, abnormal development of the lens of the eye,
microcephaly, mouth defects, and visceral hemorrhage. Characteristic abnormalities identified
in larvae collected from site 38-VP-2 (62.0 mg/Kg sediment total PCBs) included mis-coiling of
the gut, visceral edema, muscular based flexure of the tail (abnormal myotome development),
notochord lesions (flexure), and visceral hemorrhage. Malformation of the gut, visceral edema,
abnormal development of the craniofacial region and lens of the eye, microcephaly, and visceral
hemorrhage were found to be characteristic abnormalities in specimens collected from site 38-
VP-1 (28.0 mg/Kg total PCBs). Larvae collected from sites 46-VP-5 and 18-VP-2 (2.2 and 6.1
mg/Kg sediment total PCBs, respectively) possessed a slightly greater incidence of abnormal gut
development and visceral edema, but well below that observed in larvae collected from sites 8-
VP-1, 38-VP-2, and 38-VP-1 (14.5, 62.0, and 28.0 mg/Kg sediment total PCBs, respectively).
Malformations observed at the three sites with greater total PCB sediment contamination were
generally the most severe and would most likely have a greater affect on the overall health and
fecundity of this local population. Although sporadic malformations were detected at reasonably
low incidence rates, no characteristic abnormalities were detected in larvae collected from the
remaining sites including the reference sites. Identification of characteristic malformations was
important in evaluating whether the responses observed were consistent and may be the result of
environmental stressors in the pools from which the specimens were collected. A photo atlas,

detailing characteristic malformations observed during Phase II, is presented in Appendix G.
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Phase 111

Tissue Residue Analysis

Tissue residue analyses from specimens cultured and collected during Phase III studies are
presented in Table 4. Total PCBs found in Phase III whole body metamorph samples at each of
the sites evaluated are presented in Figure 52. A comparison between total PCB tissue residues
found in metamorphs from Phase I (laboratory) and Phase III (field) is provided in Figure 53.
Tissue analysis was performed on metamorph collected from each of the vernal pools including
target locations. Tissue analyses for Phase III studies included total PCBs, congeners, PAHs,
dioxins and furans, and Appendix IX pesticides and metals for sites 8-VP-1, 18-VP-2, 38-VP-1,
and WML-1 (14.5, 6.1, 28.0, and ND [0.007] mg/Kg sediment total PCBs). Complete results
from these analyses are included as Appendix F. The remaining site samples were analyzed for
total PCBs. Total PCB levels in the whole metamorph tissue samples ranged from 0.13 mg/Kg
in specimens collected from site 46-VP-1 (0.5 mg/Kg sediment total PCBs) to 15.0 mg/Kg in
specimens from site 8-VP-1 (14.5 mg/Kg sediment total PCBs). Metamorph specimens collected
from reference site WML-1 contained 4.4 mg/Kg tissue total PCBs. A significant relationship
between metamorph tissue total PCB concentration and respective sediment total PCB levels was
found (Correlation 22 of Table 5 — Spearman’s Rank Correlation, n=9, r=0.70, p=0.05). Total
Appendix IX pesticides ranged from 0.03 mg/Kg (site 38-VP-1) to 0.7 mg/Kg (site 8-VP-1).
Metamorph specimens collected from reference site WML-1 contained nearly 0.2 mg/Kg tissue
Appendix IX pesticides. Generally, low levels of total tissue dioxins and furans were detected in
the metamorph samples evaluated. Total dioxin and furan samples ranged from 12.8 ng/Kg (site
18-VP-2) to 63.0 ng/Kg (site 8-VP-1) with ND found in the reference site sample from site
WML-1. Total metamorph tissue PAHs ranged from 0.06 mg/Kg to 0.8 mg/Kg in specimens
collected from sites 38-VP-1 and 18-VP-2, respectively. Metamorph specimens collected from
the reference site WML-1 contained 0.3 mg/Kg total tissue PAHs and ND, respectively. Of the
Appendix IX metals analyzed, the only metal detected in tissue samples at somewhat elevated
levels was Pb. Pb levels in whole metamorph tissue samples ranged from 1.0 mg/Kg in samples
collected from site 38-VP-1 to 1.9 mg/Kg in samples from site 8-VP-1. The total Pb level

detected in metamorph tissue collected from reference site WML-1 was approximately 0.06
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mg/Kg. In general, only total PCBs were appreciably greater in target site metamorph tissue
samples than reference site tissue samples. The other analytes were detected in similar

concentrations in the target site specimens and the reference site specimens.

Metamorph Development and Growth

The sex ratios of metamorph specimens collected during Phase III sampling efforts and the
incidence of malformation at each respective target and reference sites are provided in Figure 54.
Sex ratios (male:female) in the reference site metamorphs (sites WML-1 and -3) were reasonably
well-balanced with a 46.1%:53.9%. Skewing of sex ratios toward the female gender was noted
in specimens collected from sites 8-VP-1 (0%:100%), 38-VP-2 (19.2%:80.8%), 38-VP-1
(20.0%:80.0%), 18-VP-2 (31.2%:68.8%), and 46-VP-5 (33.7%:66.3%) (14.5, 62.0, 28.0, 6.1, and
2.2 mg/Kg sediment total PCBs, respectively). Specimens examined from the remaining target
site locations produced sex ratios in the 40-60 %:60-40 % male:female range, which is normal
for most amphibian populations (Gilbert et al, 1994; Merrell, 1977; Reeder et al, 1998; and
Stebbins and Cohen, 1995). Significant negative correlations between sex ratio skew
(feminization) in metamorphic specimens and total PCB levels in both whole body tissue and
sediment were detected (Correlations 23 and 24 of Table 5 — Spearman’s Rank Correlation, n=8,
r=-0.91, p=0.005; and n=8, r=-0.80, and p<0.05, respectively). Metamorph abnormality
frequencies, determined by both external examination and necropsy, from target sites 23b-VP-1,
23b-VP-2, 46-VP-1, and 46-VP-5 (0.19, 0.11, 0.5, and 2.2 mg/Kg sediment total PCBs) were
4.9%, 5.9%, 8.6%, and 9.2%, respectively. The incidence of abnormality in metamorphs from
the reference sites was 2.0%. The frequency of abnormalities from target sites 8-VP-1, 38-VP-2,
18-VP-2, and 38-VP-1 (14.5, 62.0, 6.1, and 28.0 mg/Kg sediment total PCBs, respectively) were
66.7%, 51.5%, 26.9%, and 41.0%, respectively, with a slightly greater proportion of abnormal
specimens being female (Figure 55). Of the specimens examined from these sites, characteristic
abnormalities found were abnormal development of the lens of the eye, necrosis of the liver,
gonadal necrosis, mal-positioning (translocation) of the gonads, abnormal maturation of the skin
including incomplete dispersion of melanin in the melanocytes, cardiac and cardio-vascular mal-
development, and visceral and abdominal edema. Several cases of fore- and hind limb mal-

development were also found in specimens collected from site 38-VP-2. Of these abnormalities,
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gonadal mal-development and liver necrosis were the two most consistent abnormalities
identified. Significant relationships between the incidence of abnormal metamorph specimens
and both total PCB levels in whole body tissue and sediment were identified (Correlations 25
and 26 of Table 5 — Spearman’s Rank Correlation, n=8, r=0.81, p<0.05; and n=10, r=0.93,
p=0.001, respectively).

Mean metamorph weights measured in specimens collected at each respective site including the
reference locations are presented in Figure 56. Of the parameters measured during Phase III
studies, weight was the least sensitive endpoint measured. Each of the mean weights recorded
for the metamorph specimens collected for the target site locations ranged from 0.42 to 0.89 g.
The mean metamorph weights of the reference site specimens were 0.33 g.. No relationships
between metamorph specimens weight and either total PCB levels in whole body tissue or
sediment were found (Correlations 27 and 28 of Table 5 — Spearman’s Rank Correlation, n=8,

r=0.57, p>0.05; and n=8, r=0.20, p>0.05, respectively)

Quality Assurance

The study Quality Assurance/Quality Control Plan is presented in Appendix H.
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DISCUSSION

Phase I

Although total PCB accumulation was found in varying magnitudes in egg masses collected
from the different target site vernal pools, little effect on egg mass characteristics, including
weights, egg counts, egg necrosis, fertilization rates, and hatching rates, was detected when
compared to the reference site egg masses. The inability to measure significant effects on
reproductive outcome in the more greatly contaminated vernal pools may, in part, be due to
natural variability in these endpoints. However, no relationship between these endpoints and
total sediment PCB concentration was found (see Table 5). In addition, no relationship between
egg mass tissue total PCBs and total sediment PCBs was found. Overall, the inability to
consistently detect appreciable differences in mean egg mass weight, egg mass counts;
fertilization, necrosis, and hatching success between sites suggested reproductive performance
and outcome in R. sylvatica was most likely not adversely affected in this study. Interestingly,
the greatest egg mass tissue concentrations of total PCBs were found in sites with relatively low
or non-detectable levels of total PCBs. Since this study focused primarily on wood frog
development, starting with newly laid egg masses, little is directly known about the parental
generation that supplied the egg masses collected during this study other than the total PCB
levels in their respective egg masses. Indirectly, however, this data suggested the home range of
R. sylvatica appeared to allow adults with differing total PCB body burdens to breed in various

vernal pools throughout the study area.

Both geographical and temporal factors determined the extent of PCB and other COPCs
bioaccumulation in larval and metamorph specimens cultured and examined in the laboratory.
Generally, the relationship between sediment and tissue total PCB or other COPC levels was
greater in older larval and metamorph samples than in either of younger larval or egg mass
samples. Tissue total PCB burden in metamorph specimens was not a critical factor in
determining the total PCB level in the egg mass from which the specimens originated. Egg
masses with greater tissue total PCB levels collected from the lesser contaminated vernal pools

showed prominent decreases in total PCB levels over time as the specimens metamorphosed.
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Crossover exposure studies in which reference specimens were cultured with contaminated site
media and specimens from contaminated vernal pools were cultured with reference site media
demonstrated that PCBs were bioaccumulated by the test organisms during culture. These
crossover studies also confirmed that net decreases in tissue total PCB levels occurred in egg
mass specimens originally containing greater levels of total PCBs when cultured in
uncontaminated site water and sediment through metamorphosis. Sediment spiking studies

further demonstrated the propensity of uncontaminated larvae to bioaccumulate PCBs.

Associating the PCB bioaccumulation potential of R. sylvatica embryos, larvae, and metamorphs
with toxicological response, however, was significantly more challenging. The most striking
endpoint monitored in Phase I studies in terms of sensitivity was malformation. As previously
indicated, early embryo development through hatching was not adversely impacted by exposure
to the COPCs considered in this study. However, the relationship between sediment total PCB
concentrations and the frequencies of malformation in specimens cultured in the laboratory was
evident in Phase I Gosner stage 20-24 larval specimens (Spearman’s Rank Correlation, n=8,
=0.86, p<0.05). Results from these studies, as well as Phase II and III studies, suggested that
the larval tissue was serving as a reservoir, effectively accumulating PCBs over the course of the
exposure period, and that this accumulation may have been related to the incidence of

malformation during the study.

No correlation between egg mass tissue total PCB concentrations and Phase I larval
malformation was detected, although it is noted that this is not a true biological comparison.
Overall, these results suggested the extent of PCB accumulation from their culture environment
related better with the incidence of malformations in the specimens examined, than the
maternally transferred fraction of PCBs found in the egg masses. The incidence of malformation
that was induced in the crossover studies, in which reference site specimens were cultured in
contaminated media and specimens from contaminated sites were exposed to reference media,
was reasonably similar. Thus, the importance of both maternal PCB transfer and environmental
exposure cannot be overlooked. It is possible that maternal PCB transfer to the eggs and

environmental exposure contributed to the malformation observed in early larval development,
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whereas sediment exposure during development contributed to the effects observed in later

development.

The malformations (syndrome) observed in specimens from sites 38-VP-2, 38-VP-1, 8-VP-1, 18-
VP-2, and 46-VP-5 were similar in nature differing only the incidence rate and the severity of the
deformity. Characteristic malformations included mal-development of the craniofacial region
and mouth (hypognathia), abdominal edema, abnormal myotome development, incomplete
development of the eye, and notochord lesions resulting in tail flexure. Growth, in terms of the
linear length of the developing larvae or the weight of the metamorphs, was variable and
somewhat difficult to interpret primarily due to slow development in specimens from the most
highly contaminated sites. No apparent relationship between metamorphic completion and either
sediment total PCBs or tissue total PCBs was detected in Phase I metamorph specimens.
However, more importantly, the proportion of abnormal metamorphs from the more highly PCB
contaminated sites was generally greater than the lesser-contaminated sites and the reference
sites. Variability in metamorph weight was not necessarily unexpected as extremely tight control
of culture conditions or extreme sampling requirements are required. These requirements are not

usually practicable in field-to-laboratory studies.

Phase 11

As noted with Phase I studies, a significant amount of total PCB accumulation was found
between the early and later events in the more significantly contaminated vernal pools. These
results also indicated that the larvae collected were accumulating these PCB from the
contaminated sediment in the field. A significant relationship existed between sediment total
PCB concentrations and tissue total PCB levels for Event 3 specimens (Spearman’s Rank
Correlation, n=8, r=0.93, and p<0.005). The frequency of malformation varied from Event 1 to
Event 4 in the more contaminated target sites. For example, during Event 1, which represented
Gosner stages 23-25, the incidence of malformation was elevated in each of sites 38-VP-1, 8-VP-
1, 38-VP-2, and 46-VP-1. However, in Event 2 (Gosner stages 38-40) the frequency of
malformation in specimens collected from any of the sites was relatively low. During Event 3

(Gosner stages 40-42), only the malformation frequency for site 46-VP-1 was elevated compared
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to the reference sites. Sites 38-VP-2, 8-VP-1, and 38-VP-1 displayed a greater frequency of
malformation during Event 4 (Gosner stage 42-45). Based on these results, Event 1, which
represented early embryo-larval development, and Event 4, which represented advanced
metamorphic development, were the most sensitive stages, based on the total incidence of
malformation. A strong relationship was established between the incidence of malformation

during Event 4 and sediment total PCB concentrations.

Overall, a strong relationship between the mean incidence of malformation in Phase II specimens
and sediment total PCBs was detected (Spearman’s Rank Correlation, n=9, r=0.83, p=0.005).
These results suggested that although early embryo-larval and metamorphic developmental
periods appeared to be the most sensitive in this study and that Event 4 malformation frequencies
correlated with sediment total PCB levels, a relationship between sediment total PCB levels and
larval malformation could also be established by evaluating the entire exposure period as a
whole. Thus, the early developmental effects noted during Event 1 may not have required the
accumulation of PCBs in the developing tissue, whereas effects observed in the later events
seemed to be influenced more by the sediment total PCB concentration. Characteristic
malformations induced in the specimens collected from the target sites demonstrating greater
incidence of abnormality included abnormal coiling of the gut, mal-development of the lens of
the eye, microcephaly, abnormal development of the face, mouth, and cranium, abdominal
edema, visceral hemorrhage, and flexure of the tail resulting from both abnormal myotome

development and lesions on the notochord.
No effects on larval growth were found in the specimens collected during Phase II. As was

noted in Phase I studies, growth in terms of the linear length of the developing larvae was

variable amongst the sites and somewhat difficult to interpret.

Phase 111

Skewed sex ratios and increased rates of abnormalities in metamorph specimens collected from
target site vernal pools with greater levels of PCB contamination were the primary findings in

Phase III studies. Metamorph specimens collected from sites 8-VP-1, 38-VP-2, and 38-VP-1
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were predominantly female (100%, 80.8%, and 80.0%, respectively). These results suggested
that exposure to PCB in the more highly contaminated vernal pools was capable of altering
sexual development at a phenotypic level. Although feminization was primarily observed, which
does not typically influence population as dramatically as de-feminization or masculinization, in
general, consistent sex ratio skewing over time is capable of adversely impacting the local
population. The primary abnormalities identified in metamorph specimens included atresia and
necrosis of gonadal tissue, mis-location of gonadal tissue; liver lesions, necrosis, tumors, and
general discoloration; mal-development of the lens of the eye; abnormal maturation of the skin;
cardio-vascular necrosis, and abdominal edema. Of these abnormalities, the gonad and liver
were the primary targets and would appear to have the greatest consequence on the health and
fecundity of the metamorph. Abnormal maturation of the skin, which was characterized by
atypical melanin production and abnormal pigment distribution within normal-appearing
melanocytes was also observed. In amphibians, skin maturation is under the control of the
thyroid axis, suggesting that this effect may have been result of thyroid axis disruption. We have
found that abnormal skin maturation involving a reduction in melanin or abnormal melanin
distribution reduces the capacity of the metamorph to effectively control UV light absorption
(Fort et al., unpublished data). Inability to regulate UV light absorption effectively increases the
probability of UV light damage. Changes in toxicodynamic absorption properties of the skin
also do not occur when this aspect of metamorphosis is repressed, effectively increasing the
likelihood of absorption of lipophilic materials. The remaining abnormalities were, in general,

less severe, but nonetheless present in an elevated proportion of the metamorphs examined.

A significant relationship was detected between sediment total PCB levels in vernal pools, in
which metamorph specimens were collected, and tissue residues in the metamorph specimens
(Spearman’s Rank Correlation, n=9, r=0.70, p=0.05). Further, the skews in sex ratios
(feminization) in the Phase III metamorphs were both negatively related to the sediment or tissue
total PCBs (Spearman’s Rank Correlation, n=8, r=-0.80, p<0.05; and n=8, r=-0.90, p=0.005,
respectively). A strong relationship between the incidence of abnormalities in Phase II1
metamorph specimens and either sediment or tissue total PCBs was found (Spearman’s Rank

Correlation, n=10, r=0.93, p=0.001; and n=8, r=0.81, p<0.05, respectively).
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No relationship between metamorph weight and sediment total PCB levels was identified. As
with the other phases of this study, weight (growth) was the least sensitive endpoint and the
endpoint that was most difficult to interpret. Generally, metamorph specimens collected from
the target site vernal pools were larger than the reference area. This phenomenon may be the
result of habitat and climatic differences between the reference area (Washington Mountain
Lake), which is at a greater elevation and generally has a cooler temperature during the spring
when samples were collected, and the target site vernal pools, which are located at a lower

elevation.

Relationship Between Different Phases of the Present Study

As a means of corroborating the results of this study, a more controlled laboratory-based culture
study was conducted in Phase I, where field-based assessments were performed in Phases I and
III. Although field-to-laboratory and laboratory-to-field extrapolations are difficult to make,
ideally, the results from Phase I cultures should be reasonably consistent with results collected in
Phases II and III. Comparing the larval growth phase response results observed in Phase I
laboratory cultures to the four larval sampling Events of Phase II, both Phases showed marked
PCB accumulation potential. A strong relationship between tissue total PCB residues and
sediment total PCB levels in prometamorphic larvae and metamorphs was found in Phase II or
Phase III studies, respectively. Each Phase of study showed a relationship between the mean
incidence of malformation and the levels of total PCBs in either the sediment or respective
tissues of the prometamorphic larvae or metamorphs from Phases II and III, respectively. Event
4 of the Phase II study showed the greatest degree of correlation between sediment total PCB
levels and the incidence of malformation. This trend of greater degrees of correlation between
tissue or sediment total PCB concentrations and mal-development with specimens’ age or
exposure period was consistent throughout each Phase of the present study. Larval and
metamorph weight was the least sensitive endpoint measured in each of the Phases, whereas
abnormality rates were the most important endpoint measured in each of the Phases of study.
Overall, results from each Phase of the present study are reasonably consistent with one another,

strengthening the results of the study as a whole.
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Relationship to “Rana pipiens Reproduction and Development

Study”

The primary objective of conducting the present study was to ensure that adequate amphibian
developmental data would be collected for the lower Housatonic River study area in the event
that the originally proposed “Rana pipiens Reproduction and Development Study” failed to
produce adequate developmental data. Since adequate developmental data was not obtained
from the “Rana pipiens Reproduction and Development Study” due to profound effects on the
reproductive performance of the study specimens, the present study filled many data gaps in our
understanding of the impact of PCB and other COPC contaminated sediment on amphibian
development and maturation. In the former study with R. pipiens, the most striking effect on the
lifecycle of R. pipiens was reproduction. Although developmental effects were found in R.
pipiens, reproduction was almost exclusively inhibited by the toxicological effects of PCBs, and
to a lesser extent, the other COPCs. In contrast, R. sy/vatica reproduction did not appear to be
adversely affected in the present study. This marked difference in life phase response may be
partially explained by the differences in life history strategies between the two species. Wood
frog adult females are explosive, and typically impulsive breeders. Breeding season for wood
frogs is short, often over several days to a week period, but extremely intensive. After egg-
laying is complete, the adults vacate the breeding pools allowing the progeny to develop on their
own. Leopard frogs, however, are much more selective and deliberate during breeding season
often requiring several weeks to a month to complete breeding. Unlike R. sylvatica, R. pipiens
adults remain in close contact with the egg masses during at least part of development. The more
deliberate nature of mating and nurturing behavior in R. pipiens may increase likelihood of adult
exposure to environmental contaminants. On the contrary, the more rapid process of mating and
less nurturing approach used by R. sy/vatica may decrease the likelihood of adult exposure
during breeding. This scenario does not account for exposure and accumulation that occurs
during the remainder of the year. Thus, other endocrinological and physiological differences
between the species, in addition to differences in life history traits, may confer sensitivity to a

particular phase of the lifecycle.
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Selection of two species with different life history strategies was significantly advantageous to
the overall study of the impact of PCBs and other COPCs in the lower Housatonic River on local
populations of amphibians, as these two species broadly account for the spectrum of reproductive
and developmental strategies used by most anuran species. However, it should be noted that this
study also clearly points out that it can not be assumed that all amphibian species are similar in
terms of lifecycle dynamics. Thus, extrapolation to other amphibian species should still be

performed with some sense of caution.

Comparison with Other Studies

PCB concentrations in amphibian tissue collected from the field have been measured primarily in
adult specimens, and are typically not accompanied by environmental concentrations. Thus, the
presence of PCBs in amphibian tissues is fairly well documented, however, specific
bioconcentration factors (BCFs) have generally not been determined for amphibians. It has been
generally assumed based on several studies described in the following sections that PCBs

accumulate in amphibians at least to the extent found in fish (Eisler, 1986).

Following a fire at a PCB warehouse (Phaneuf et al., 1995) investigated PCB concentrations in
several species in both reference locations and downwind along the smoke plume produced by
the fire. Total PCB levels in R. clamitans and R. pipiens collected from the plume area were in
the order of 0.9 mg/Kg and were as great as ca. 1.1 mg/Kg, whereas the mean value from the
reference site was 0.08 mg/Kg. These investigators concluded that the measured values in the
two frog species was less than that observed in bird eggs, similar to that observed in field mice,
and greater than that observed in earthworms, and bird and muskrat liver. In a study designed to
evaluate the movement of PCBs through the food chain in a national park in Spain contaminated
with PCBs, the Spanish frog (R. perezi) was found to almost 6-times more total PCBs than three
different species of fish indigenous to the area (Hernandez et al., 1987). Biomagnification was
only evident after examination of frog-eating and fish egg-eating birds were examined.
Concentrations in these birds were between 5-to 15-times the levels found in the fish and frogs.
Elevated PCB concentrations were also detected in various tissues of mudpuppies (Necturus

maculosus) collected from the St. Lawrence and Ottawa Rivers of Ontario from 1988 to 1992
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(Bonin et al., 1995). Whole body total PCB residues ranged from 0.1 to 1.1 mg/Kg with a mean
value of 0.4 mg/Kg. Female gonads contained an average of 0.4 mg/Kg total PCB. The most
commonly identified congeners included PCB 118, 153, and 138. These concentrations and
congeners were similar to those found in snapping turtle (Chelydra serpentina) eggs collected
from the same sites. Further study of mudpuppies in the St. Lawrence River by (Gendron et al.,
1997) found more extensive levels of accumulation with tissue total PCB residues ranging from
0.4 to 58.3 mg/Kg total PCB. However, these investigators also reported that the tissue levels of
the non-ortho coplanar PCBs, which are typically the most toxic (Eisler and Beslisle, 1996),

were far lower in concentration and ranged from 0.001 to 0.26 mg/Kg.

Under more controlled laboratory conditions, Jung and Walker (1997) evaluated dioxin uptake
and depuration in American toads (Bufo americanus), R. pipiens, and R. clamitans exposed to
spiked water as eggs or larvae for 24-h. These investigators found that the jelly coat surrounding
the egg coat contained only 1.2-3.7 % of the waterborne dioxin. Both frogs and toads
accumulated dioxin in relation to the exposure level with BCFs for each species ranging from 0.6
to 4.0. Interestingly, R. pipiens larvae accumulated 2.5-times more dioxin in 24-h than B.
americanus. Depuration rates were relatively fast from all three species with half-lives ranging
from 1 to 7.3 days. The high rates of depuration in amphibians may account for total PCB
during development in egg masses that had high tissue burdens, but were cultured in relatively
uncontaminated sediment and water. However, depuration rates are highly dependent on the
route of exposure, as appreciable faster rates of depuration have been measured in studies using
dermal absorption than oral absorption via food. Since PCB exposure in the present study was
primarily via sediment exposure, the BCFs calculated by Jung and Walker (1997) are not directly
comparable to BCFs calculated from this study.

Some of the greater whole PCB tissue residues recorded in previous studies were 2.1 mg Aroclor
1260/Kg dry weight in adult 4. maculatum (spotted salamander) (Johnson et al. 1999), and 1.6
and 1.7 mg/Kg Aroclor 1254:Aroclor 1260/Kg lipid weight in R. pipiens and R. clamitans,
respectively (Gillan et al., 1998). Several investigators have found rather extensive
accumulation of PCBs in various adult amphibian tissues including gonads, liver, and eggs

(Fontenot et al., 2000). Up to this point, only a study by (Gutleb et al., 2000) documented the
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accumulation of PCBs, in this case congener 126, in tadpoles. In this study the investigators
reported stage 25 R. temporaria tadpoles containing approximately 5.4 mg PCB 126/Kg lipid
weight. The greatest level of total PCB recorded in larvae and metamorphs in the present study
were 10.4 and 15.0 mg/Kg in specimens collected from site 38-VP-1 and site 8-VP-1

A substantially more limited database exists on the toxicological effects of PCBs in amphibians,
particularly in field studies. Birge et al. (1978) found that the 4-d LC50 value for Aroclor 1254
in R. pipiens, B. americanus, and Fowler’s toads (B. fowleri) were 0.004, 0.10, and 0.04 mg/Kg.
Sensitivity to Aroclor 1254 and 1016 increased with the age such that 4-d post-hatch larvae were
markedly more sensitive than the immediate post-hatch larvae. These results are consistent with
our findings that little developmental effect was manifested prior to hatching in specimens
exposed to PCBs. Birge et al. (1978) further concluded the toxicity of the mixtures increased
with increasing percent chlorination, which is consistent with other studies with PCBs (Eisler,
1987 and Eisler and Beslisle, 1996). The teratogenic effects of PCBs on amphibians includes
skeletal defects, such as lordosis and scoliosis, and abdominal edema. These defects reported by
Birge et al. (1978) are consistent with the abnormalities found in the present study, including
notochord defects. Bishop et al. (1991 and 1998) found significant correlations between
increasing malformation rates in snapping turtle embryos and PCB and PCDD/furans levels,
however, the increased risk of abnormality was not significantly correlated with toxic
equivalents (TEQs) in the eggs indicating that individual concentrations of PCB congeners may
be more important in assessing toxicity to snapping turtle eggs than TEQs derived from rat, fish,

and bird assays. Currently, no TEQs exist for amphibian species.

Aside from the previously mentioned studies, the propensity of PCBs to induce developmental
effects in amphibian species is not completely understood. Most studies of PCB accumulation
and effects have been performed in adults. No significant effects of PCB 126 exposure (0.05-50
png/L) in R. pipiens and R. clamitans tadpoles on hatching success, early malformations, body
weight, snout-vent length (SVL), or organ mass weight were found by Rosenshield et al. (1999).
These investigators, however, did find a decrease in survival and swimming speed, and an
increase in abdominal edema in later stage tadpoles. In the same study, an increasing proportion

of metamorphosed specimens were found with increasing PCB concentration in both species
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with the exception of the highest concentration, which was developmentally toxic. Joffre et al.
(2000) found similar results including an increase in percent metamorphosis, but that the time to
metamorphosis was unaffected. These results are also consistent with our findings in R.
sylvatica in the present study. These investigators found increase incidence of edema in R.
clamitans and R. pipiens exposed to 5x107°-0.05 mg/L PCB 126. Gutleb et al. (1999) found no
increase in early embryo-larval malformations or detrimental effects on growth in Xenopus laevis
exposed to 1.1 nM to 1.2 mM Aroclor 1254 for 4-d. However, these investigators did find that
administration of Clophen A50 to females prior to breeding in X. laevis and R. temporaria
altered retinoid signally processes in developing larvae. X. laevis larvae exposed for 80-d to 7.7
pM-6.4 uM PCB 126 showed increasing numbers of malformations including those types
mentioned previously. Gutleb et al. (2000) found that administration of mixtures of Clophen A50
and PCB 126 caused prominent tail (notochord), and eye malformations, in addition, to edema
and depigmentation defects. The significance of the gut, mouth, and facial malformations
observed in the present study may more significantly impact the local population of R. sylvatica
than originally anticipated. Rowe et al. (in press) have found that these types of malformation
have a serious impact on bioenergetics causing decreased fitness and potential effects at the local
population level. These malformations decrease food consumption, reducing fitness. Finally,
studies conducted by Reeder et al. (1998) found increased male:female sex ratios in cricket frogs
found at sites with high PCB and PCDF concentrations. The primary effects documented in
adult specimens, including recently metamorphosed animals included necrosis of the kidney,

discoloration and necrosis of the liver (Huang et al., 1998).

Two recent studies, conducted by Kadokami et al. (2002) and Savage et al. (2002), further
describe the potential effects of PCBs, as well as PCDDs and PCDFs, on amphibian
development. The first study attempted to link the exposure to and accumulation of co-planar
PCBs, PCDDs, and PCDFs on the occurrence of limb deformities in R. ornativentris (mountain
brown frog) and R. japonica (Japanese brown frog) at a contaminated site relative to two selected
reference sites. The incidence of forelimb malformation, characterized as polydactyly, in the
effected site was ca. 1.0-2.0%, whereas the baseline effect was estimated to be approximately
0.1%. Since the whole body tissue concentrations of the contaminants of concern were similar

between normal specimens collected at the target site and the reference site, the investigators
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concluded that this specific limb malformation was not the result of exposure to these
contaminants. The total co-planar PCB levels recorded in the adult whole bodies of target sites
and reference specimens (n=15 for target sites and n=2 for the reference site) ranged from 134.0
to 618.0 pg/Kg. No investigation of other potential causes of limb malformation, including
parasites, was discussed. Further, the investigators only evaluated normal adult specimens and
did not evaluate abnormal specimens of varying ages to evaluate potential differences with the
normal specimens, limiting their ability to establish the conclusions drawn. In the present study
and the “2000 Rana pipiens Reproduction and Development Study”, the incidence of limb
defects was much less than the characteristic facial, mouth, and tail malformations. In the study
by Savage et al. (2002), the effect of PCB-contaminated sediment, from Franklin County, New
York, on developing R. sylvatica was evaluated. Healthy R. sylvatica tadpoles from an external
site were exposed to either 20 or 40 g of sediment, originally containing ca. 326.0 mg/Kg total
PCBs, for 12 d with mortality and behavioral effects (activity and swimming speed) monitored.
Further, two different exposure scenarios either allowed the tadpoles to come in direct contact
with the sediment or not have direct contact with the sediment. In either case, the specimens
exposed to 40 g of sediment accumulated approximately 128.0 and 33.0 mg/Kg total PCBs in the
sediment contact and non-contact treatments, respectively. Likewise, tadpoles exposed to the 20
g sediment treatment (sediment contact/non-contact) accumulated total PCB levels of 22.0 and
6.0 mg/Kg. Regardless of amount of sediment used, significant larval mortality was observed.
However, greater mortality was noted in the specimens exposed directly to the sediment than in
those in the non-contact treatment. These investigators also found that swimming behavior and
activity were, likewise, affected by these treatments as well. However, a greater effect on
activity was noted in the non-direct sediment contact treatments. These results were also similar
to those found in the present study, as well as the “2000 R. pipiens Reproduction and
Development Study”.

Results from the previous studies described in the preceding paragraphs were reasonably similar
to the results obtained in the present study. These previous studies point out that PCBs were
capable of inducing abnormal development, alterations in metamorphic patterns and sexual
development, and organ system pathology. The malformations observed in previous studies

were similar to those observed in the present study. Although the gonads have been a primary
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focus for bioaccumulation of PCBs, little previous work has been performed to understand
abnormalities in gonadal development in relation to PCB exposure. In addition, an increase in
the percent of specimens that metamorphose and pigmentation problems associated with
improper development of the skin was also observed in the present study. Although Reeder et al.
(1998) found that sex ratios in cricket frogs potentially exposed to PCBs and PCDF were skewed
toward the male sex, our finding of skewed ratios toward the female sex is generally comparable,
and is probably explained by different cytogenetic traits of the different species, physical
variables, as well as, differing combinations of multiple chemical and non-chemical stressors.
Feminization of amphibian gonads has been observed with several estrogenic and anti-
androgenically active contaminants (Klaus et al., 1999; Fort, personal communication). The
important outcome is the capacity of PCBs to alter sexual development resulting in skewed sex
ratios, which was consistent in both species. Overall, the results from the present study were
more dramatic than those reported previously. However, based on sediment PCB levels and
tissue residues, the lower Housatonic River study area was appreciably more contaminated that

the sites studied in the other reports discussed.

Huang and Karasov (2000) made an astute observation in their studies of liver pathology in R.
pipiens exposed to radio labeled PCB 126. These investigators suggested that liver pathology
was not necessarily related to the dose administered, but was better correlated with the length of
exposure in adult specimens. If this hypothesis is true, which our data would seem to
corroborate particularly in the metamorph specimens, the bioaccumulation potential of PCB in
amphibians determines the ultimate adverse outcome of exposure. However, it should be noted
that relationships between time of exposure, tissue accumulation, and effects induced were not
necessarily significant in the induction of early embryo-larval malformations. As was found in
this study, the relationship between early embryo-larval malformations and egg mass total PCB
residues was usually not strong. This trend also appeared to be true in R. pipiens (Fort
Environmental Laboratories, 2002). The exposure to the developmentally toxic material at
critical time periods, or windows, during development was generally a more important factor. In
this case, if exposure occurred at the appropriate concentration at a critical time of development,
an abnormality may have been induced. The relationships between PCB levels in sediment and

tissue and larval malformation or metamorph abnormality became increasingly stronger with
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increasing age of the specimens. Because this dichotomy between short-term embryological and
longer-term developmental and pathological effects exists, determination of toxic thresholds and
adequate protection levels is extremely difficult. The extent of contamination in the Lower

Housatonic River study area compounds this difficulty.

Results from the present study, as well as, most studies conducted to date have focused primarily
on effects at either the individual level or the local population level. In fact, few studies, if any,
adequately both field and laboratory components, nor provide extrapolation of laboratory-based
individual data to field-based local population effects (Fort and McLaughlin, in press). The
impact of organochlorine contamination (primarily PCBs) on amphibian populations in
Southwestern Michigan was recently evaluated by Glennemeier and Begnoche (2002). Although
these investigators found toxicological effects of PCB contaminated sediment in developing R.
pipiens and R. utricularia larvae, no apparent effects were observed at the population level.
Population surveys were based on three separate calling surveys conducted over an unknown
portion of one year (1997) and limited time-constrained visual encounter surveys during and
unknown portion of 1998. These investigators found that ranid adults and larvae collected from
the field sites contained total PCB levels lower than that found in the sediments. The maximum
total sediment PCB levels in the sediment in the Glennemeier and Begnoche (2002) study was 39
mg/Kg total PCBs. Glennemeier and Begnoche (2002) hypothesized that the apparent lack of
population-level effects of PCBs in the field could be explained by limited contaminant
accumulation rather than low physiological sensitivity to chronic PCB exposure. This work adds
to a growing controversy over the actual sensitivity of amphibian populations to organochlorine
contaminants. Glennemeier and Begnoche (2002) studies support studies by Fontenot et al.
(1996) and Harris et al. (1998a and 1998b) that have suggested that amphibian populations are

less negatively affected than other taxa by organochlorine contaminants.

The adequacy of the population surveys from the Glennemeier and Begnoche (2002) is difficult
to determine due to both the limited nature of the surveys and the lack of adequate population
modeling. It is likely that without modeling over a five to ten year period, negative population
effects would not necessarily be observed. In addition, the suggestion that bioaccumulation is

directly relative to biological effects and that population level effects will not be observed in taxa
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that do not extensively bioaccumulate PCBs is not necessarily founded as biotic and abiotic
exposure during critical phases of the lifecycle are more likely to be significant factor. In
addition, accumulation of contaminants, including the COPCs considered in the present study, in
amphibians should not necessarily be assessed based on whole body analysis, since critical
tissues, such as the ovary and liver, tend to accumulate substantially more PCBs than the
remainder of the body. The “R. pipiens Reproduction and Development” study strongly
suggested that the reproductive organs in female R. pipiens were not only a toxicological target,
but also a site for extensive bioaccumulation relative to the whole body. Finally, if Huang and
Karasov (2000) are correct in their assertion of the importance of the temporal variable in
mediating the toxicological effects of PCBs in anurans, the length of exposure during critical
periods of the lifecycle may be more important than the actual exposure concentration or extent

of accumulation.

It is possible that more significant remediation standards for these COPCs in the environment
will be required to protect amphibians in the affected area from accumulation and potential
longer-term effects than shorter-term early developmental effects. Both outcomes must be
considered to adequately protect amphibians from the adverse effects of PCBs in the
environment. However, future studies are needed to directly compare the individual and local

population level sensitivities to laboratory and field exposure to PCBs.
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CONCLUSIONS

Results from the present study clearly demonstrated the negative impact of the COPCs identified
in this study, but most notably PCBs, on R. sylvatica development and maturation in the Lower
Housatonic River watershed. Further, elevated PCB residues were found in various wood frog
tissues evaluated throughout this study. Although the other COPCs measured, including
Appendix IX pesticides and metals, dioxins and furans, and PAHs were detected in several of the
R. sylvatica tissue samples analyzed, accumulation was markedly less than found with PCBs.
The extent of bioaccumulation was determined by both geographical and temporal factors. Thus,
both the location of developing egg masses, tadpoles, and metamorphs; and duration of
environmental exposure appeared to determine the extent of PCB accumulation in the tissue.
Reasonably strong relationships were established between the incidence of embryo-larval
malformation, abnormalities in metamorph specimens, and sexual (gonadal development)
development; and the levels of PCBs in both sediment and respective tissues. Sediment total
PCB levels correlated better than tissue residues with the incidence of larval malformation,
whereas, tissue residues correlated better than sediment total PCB concentrations with
abnormalities and skews in sex ratios in metamorph specimens. Results obtained from
laboratory cultured specimens (Phase I) reasonably corroborated results obtained with field-
collected specimens (Phases II and III). Further, crossover exposure study results suggested that
malformation induced in larval specimens were the result of a combination of maternal transfer
and environmental exposure to PCBs and other COPCs, although the environmental exposure
route appeared to be more significant during advanced larval development and metamorphosis.
Although complex non-interactive and interactive relationships between the chemical stressors
identified or the influence of other non-chemical stressors must be considered, results from the
present study indicated that the most significant factor in the toxicological effects observed was
exposure and accumulation of PCBs and other COPCs during development and maturation.
Overall, this study identified one of the more striking ecotoxicological impacts on a local

amphibian species conducted to date.
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Table 1
Housatonic River Project
Vernal Pools Selected for Larval Rana sylvatica
Growth and Development Study'

Woodlot Pool tPCB tPCB
Designation Estimatezd Mean Depth  Concentration Concentration
Area (m”) (cm) Water’ Sediment’
(mg/L x 107 (mg/Kg)
8-VP-1 74 28 3.25 14.50
18-VP-2 976 46 0.81 6.05
23B-VP-1 558 46 0.13 0.19
23B-VP-2 1394 30 0.14 0.11
38-VP-1 316 36 0.55 28.00
38-VP-2 558 25 4.65 62.00
39-VP-1° 2789 63 0.96 52.00
46-VP-1 2212 >9] 0.18 0.50
46-VP-5 74 30 0.26 2.20
WML-1 ND ND 0.20 0.007 (U%
WML-2 ND ND 0.13 0.013 (UY
WML-3 ND ND 0.13 0.011 (UY

"Pools surveyed for herpetiles include vernal pools, as defined by the Massachusetts Natural Heritage and Endangered Species
Program (MNHESP) and other water bodies that contained or could contain breeding amphibians.

2tPCB concentrations used in this study were derived from averaging results from two sample events in April and May 2000.

3No specimens were found at vernal pool 39-VP-1.

“Non-detect (Qualifier “U”).

ND=Not determined.
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Table 5
Housatonic River Project
Rana sylvatica Vernal Pool Study 2000
Correlation Analysis

Correlation Variables Compared SaSIinZ[éle r*  p-value
Phase I Egg Mass Tissue tPCB
! And Sediment tPCBs 8 042 =005
Phase I Metamorph Tissue tPCB
2 And Sediment tPCBs 8 0.2 >0.05
Phase I Egg Mass Weight
3 And Sediment tPCBs 8 0.41 >0.05
Phase I Egg Mass Count
4 And Sediment tPCBs 12 0.20 >0.05
Phase I Egg Mass Fertilization
> And Sediment tPCBs 8 0.07 >0.05
Phase I Egg Mass Necrosis
6 And Sediment tPCBs 12 033 2005
Phase I Egg Mass Hatching Success
7 And Sediment tPCBs 12 0.20 >0.05
Mean Phase I Larval Malformation
8 (Gosner stage 20-24) 8 0.86 <0.05
And Sediment tPCBs
9 Phase I Egg Mass tPCBs 10 050 =005

And Mean Phase I Larval Malformation

Phase I Larval Tissue tPCBs
10 And Mean Phase I Larval Malformation 8 0.33 >0.05

Phase I Specimens Completing Metamorphosis

1 And Phase I Metamorph Tissue PCBs

8 0.24  >0.05

Phase I Specimens Completing Metamorphosis

And Sediment tPCBs 8 0.41  >0.05

12
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Table 5
Housatonic River Project

Rana sylvatica Vernal Pool Study 2000
Correlation Analysis (continued)

Sample

Correlation Variables Compared Size r¥*  p-value
3 e e T e o
4 MelbeGlna et g s <oaes
6 melben Vim0 on oos
Rt tastearrk e WU LU
20 Phas?;;fgg‘;;iﬁf?gggzaﬁon 10 089  <0.002
21 Phaf:ng gizgi‘nmle\fl"t‘lgggzﬁon 9 083  0.005
5 MeslielanCemeio g on s
24 Phase III Sex Ratio (Feminization) 3 080 <0.05

And Sediment tPCBs

FEL—Lower Housatonic River Project
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Table 5
Housatonic River Project
Rana sylvatica Vernal Pool Study 2000
Correlation Analysis (continued)

Sample

Correlation Variables Compared Size r¥*  p-value
s e s o s
26 Phase Illgztgr:;rnalgn?‘?sgrggality (%) 10 093  0.001
27 "And Phase 11 Tepue (PCBs 8057 2008
28 Phase III Metamorph Weight ] 020  >0.05

And Sediment tPCBs

*Statistically significant relationships are shown in bold text.
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FIGURE 1
HOUSATONIC RIVER PROJECT
RANA sylvatica VERNAL POOL STUDY 2000

STUDY OVERVIEW
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FIGURE 2
HOUSATONIC RIVER PROJECT
VERNAL POOL 2000
REFERENCE SITE LOCATIONS
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FIGURE 3
HOUSATONIC RIVER PROJECT
VERNAL POOL STUDY 2000
TARGET SITE LOCATIONS
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Appendix A

Phase I — Water, Sediment, and Culture
Sample Exposure Scenarios For
Developmental, Crossover, And

Spike Studies

FEL — Lower Housatonic River Project
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Appendix B

Chain-of-Custody Documentation
For Field Samples
(Electronic Copies Not Available
At Time Of This Printing)

Chain-of-Custody Documentation
For Tissue Samples

FEL — Lower Heusatonic River Pro ject
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Appendix C

Phase I — Specimens Inventory List
Randomization Charts
Developmental Data
Crossover Data

Spike Data

FEL — Lower Housatonic River Project




Appendix G

WESTON VERNAL POOL STUDY 2000
FREEZER TISSUE INVENTORY

PHASE | SAMPLES

FEL Lab RS Waeston FEL Lab Sample
Location Site Sample 1.D. No. No. Description

Bag 1 20 H2-TAO2RS20-0-EMOS 7542-003 SPENT EGG MASS
20 H2-TAD2RS20-0-EM08 7542.003 EGG MASS SECTION
20 H2-TAOZRS20-0-EMO6 7542-003 LARVAE
20 H2-TAOZRS20-0-EMOS 7542-003 TADPOLES
20 M2-TADZRS20-0-EMD6 7542-003 FROGLETS

Bag 2 20 H2-TAQO2RS20-0-EMO7 7542-004 SPENT EGG MASS
20 H2-TAQ2RS20-C-EMO7 7542-004 EGG MASS SECTION
20 H2-TAOZRS20-0-EMO7 7542-004 LARVAE
20 H2-TAO2RS20-0-EMO7 7542-004 TADPOLES
20 H2-TAO2R$20-0-EMO7 7542-004 FROGLETS

Bag 3 20 H2-TAOZ2RS20-1-EMO7 7542-005 SPENT EGG MASS
20 H2-TAG2RS20-1-EMO7 7542-005 EGG MASS SECTION
20 H2-TAOZRS20-1-EMO7 7542-005 LARVAE
20 H2-TAO2RS20-1-EMO7 7542-005 TADPOLES
20 H2-TAOZRS20-1-EMO7 7542-005 FROGLETS

Bag 4 20 H2-TAD2RS20-0-EMOS 7542-006 SPENT EGG MASS
20 H2-TAQ2RS20-0-EMO8 7542-006 EGG MASS SECTION
20 H2-TAD2RS20-0-FMO8 7542-006 LARVAE
20 H2-TADZRS20-0-EMO8 7542-006 TADPOLES
20 H2-TAQ2RS20-0-EMOB 7542-006 FROGLETS

Bag 5 20 M2-TAQ2RS20-0-EMOS - 7542-007 SPENT EGG MASS
20 H2-TAD2RS20-0-EMO9 7542-007 EGG MASS SECTION
20 H2-TAD2RS20-0-EMO9 7542-007 LARVAE
20 H2-TAO2RS20-0-EMOS 7542-007 TADPOLES
20 H2-TAQ2RS20-0-EM0OSG 7542-007 FROGLETS

Bag 6 20 H2-TA02RS20-0-EM10 7542-008 SPENT EGG MASS
20 H2-TAOZRS20-0-EM10 7542-008 EGG MASS SECTION
20 H2-TAGZRS20-0-EM10 7542-008 LARVAE
20 H2-TAQOZRS20-0-EM10 7542-008 TADPOLES
20 HZ2-TAQ2RS20-0-EM10Q 7542-008 FROGLETS

FEL - Lower Housatonic River Project
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Appendix C

WESTON VERNAL POOL STUDY 2000

FREEZER TISSUE INVENTORY
PHASE | SAMPLES

FEL Lab RS Waeston FEL Lab Sample
Location Site Sample [.D. No, No. Description

Bag 8 21 H3-TAOBRS21-0-EMOB 7539-001 SPENT EGG MASS
21 H3-TAOBRS21-0-EMOS 7539-001 LARVAE
21 H3-TAOBRS21-0-EMOS 7538-001 TADPOLES
21 H3-TAOBRS21-0-EMO6 7538-001 FROGLETS

Bag 9 21 H3-TAOBRS21-1-EMO6 7539-002 SPENT EGG MASS
21 H3-TAOBRS21-1-EM0B 7539-002 EGG MASS SECTION
21 H3-TAQBRS21-1-EMGS 7539-002 LARVAE
21 H3-TAOBRS21-1-EMOB 7538-002 TADPOLES
21 H3-TADBRS21-1-EMO6 7538-002 FROGLETS

Bag 10 21 H3-TAOBRS21-0-EMO7 7539-003 SPENT EGG MASS
21 H3-TA0BRS21-0-EMA7 7539-003 LARVAE
21 H3-TAOBRS21-0-EMO7 7538-003 TADPOLES
21 H3-TAOBRS21-0-EMo7 7539-003 FROGLETS

Bag 11 21 H3-TAD8RS21-0-EMOS 7539-004 SPENT EGG MASS
21 H3-TAOBRS21-0-EMOSB 7539-004 EGG MASS SECTION
21 H3-TADBRS21-0-EMOS 7539-004 LARVAE
21 H3-TADBRS21-0-EMOS 7539-004 TADPOLES
21 H3-TA0BRS21-0-FMOS 7530-004 FROGLETS

Bag 12 21 H3-TAO8SRS21-0-EM09 7538-005 SPENT EGG MASS
21 H3-TAOBRS21-0-EM0OS 7539-005 EGG MASS SECTION
21 H3-TAOBRS21-0-EMOQ 7539-005 LARVAE
21 H3-TADBRS21-0-EMog 7539-005 TADPOLES
21 H3-TA0BRS21-0-EMO9 7539-005 FROGLETS

Bag 13 21 H3-TAOBRSZ21-0-EM10 7539-006 SPENT EGG MASS
21 H3-TAOBRS21-0-EM10 7535-006 EGG MASS SECTION
21 H3-TAOBRS21-0-EM10 7539-006 LARVAE
21 H3-TAOBRS21-0-EM10 7539-008 FROGLETS

Bag 14 21 H3-TA0OBRS21 CROSSOVER TADPOLES
21 H3-TADBRS21 CROSSOQVER FROGLETS

FEL - Lower Housatonic River Project
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Appendix C

WESTON VERNAL POOL STUDY 2000
FREEZER TISSUE INVENTORY

PHASE | SAMPLES

FEL Lab RS Weston FEL Lab Sample
Location Site Sample LD. No. No, Description

Bag 15 22 H3-TAOBRS22-0-EMOS 7527-001 SPENT EGG MASS
22 H3-TAGBRS22-0-EMOS 7527-001 SPENT EGG MASS
22 H3-TAOBRS22-0-EMOB 7527-001 EGG MASS SECTION
22 H3-TAOBRS22-0-EMOB 7527-001 LARVAFE
22 H3-TAQBRS22-0-EMOB 7527-001 TADPQLES
22 H3-TAD8RS22-0-EMO8 7527-001 FROGLETS

Bag 16 22 H3-TAOBRS22-0-EMO7 7527002 SPENT EGG MASS
22 H3-TAOBRS22-0-EMO7 7527-002 SPENT EGG MASS
22 H3-TAQBRS22-0-EMO7 7527-002 EGG MASS SECTION
22 H3-TADBRS22-0-EMO7 7527-002 LARVAE
22 H3-TAOBRS22-0-EMO7 7527-002 TADPOLES
22 H3-TADBRS22-0-EMO7 7527-002 FROGLETS

Bag 17 22 H3-TAO8BRS22-0-EMOS8 7527-003 SPENT EGG MASS
22 H3-TA0BRS22-0-EMOS 7527-003 LARVAE
22 H3-TA08RS22-0-EMO8 7527-003 TADPOLES
22 H3-TA08BRS22-0-EM08 7527-003 FROGLETS

Bag 18 22 H3-TADBRS22-0-EMOQ 7527-004 SPENT EGG MASS
22 H3-TAOBRS22-0-EMO9 7527-004 EGG MASS SECTION
22 H3-TAQOBRS22-0-EMO9 7527-004 LARVAF
22 H3-TAOBRS22-0-EMOS 7527-004 TADPOLES
22 H3-TAOBRS22-0-EMO9 7527-004 FROGLETS

Bag 19 22 H3-TAOBRS22-0-EM10 7527-008 SPENT EGG MASS
22 H3-TADBRS22-0-EM10 7527-005 EGG MASS SECTION
22 H3-TADBRS22-0-EM10 7527-005 LARVAE
22 H3-TAOBRS22-0-EM10 7527-005 TADPOLES
22 H3-TADBRS22-0-EM10 7527005 FROGLETS

Bag 20 22 H3-TADBRS22-1-EM1D 7527-006 SPENT EGG MASS
22 H3-TACBRS22-1-EM10 7527-008 EGG MASS SECTION
22 H3-TA0BRS22-1-EM10 7527-006 LARVAE
22 H3-TA0BRSZ22-1-EM10 7527-006 TADPOLES
22 H3-TAGBRS22-1-EM10 7527-008 FROGLETS

FEL - Lower Housatonic River Project
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Appendix C

WESTON VERNAL POOL STUDY 2000
FREEZER TiSSUE INVENTORY

PHASE | SAMPLES

FEL Lab RS Weston FEL Lab Sample
Location Site Sample L.D. No. No. Description

Bag 22 27 H3-TAD4RS27-0-EMO1 7535-003 SPENT EGG MASS
27 H3-TAO4RS27-0-EMO1 7535-003 EGG MASS SECTION
27 H3-TAC4RS27-0-EMD1 7535-003 LARVAE
27 H3-TAO4RS27-0-EMO1 7535-003 TADPOLES

Bag 23 27 H3-TAD4RS27-1-EMO1 7535-004 SPENT EGG MASS
27 H3-TAG4RS27-1-EMO1 7535-004 EGG MASS SECTION

Bag 24 27 H3-TAD4RS27-0-EMO2 7535-005 SPENT EGG MASS
27 H3-TAQ4RS27-0-EMO2 7535-005 EGG MASS SECTION
27 H3-TAQ4RS27-0-EMO2 7535-008 LARVAE
27 H3-TAD4RS27-0-EMC2 7535-005 TADPOLES
27 H3-TAD4RS27-0-EMO2 7535-005 FROGLETS

Bag 25 27 H3-TAO4RS27-0-EMO3 7535-006 SPENT EGG MASS
27 H3-TAD4RS27-0-EMO3 7535-008 EGG MASS SECTION
27 H3-TAC4RS27-0-EMO3 7535-006 LARVAE
27 H3-TA04RS27-0-EMO3 7535-006 TADPOLES
27 H3-TAO4RS27-0-EMO3 7535-006 FROGLETS

Bag 26 27 H3-TAD4ARS27-0-EMO4 7535.007 SPENT EGG MASS
27 H3-TAQ4RS27-0-EMO4 7535-007 EGG MASS SECTION
27 H3-TAD4RS27-0-EM04 7535-007 LARVAE
27 H3-TAG4RS27-0-EMD4 7535-007 TADPOLES
27 H3-TA04RS27-0-EMO4 7535-007 TADPOLES

Bag 27 27 H3-TAQ4RS27-0-EMO5 7535-008 SPENT EGG MASS
27 H3-TAD4RS27-0-EMOS 7535-008 EGG MASS SECTION
27 M3-TAD4RS27-0-EMOS 7535-008 LARVAE
27 H3-TAC4RS27-0-EMOS 7535-008 TADPOLES
27 H3-TA04RS27-0-EMO5 7535-008 FROGLETS

FEL - Lower Housatonic River Project
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Appendix C

WESTON VERNAL POOL STUDY 2000
FREEZER TISSUE INVENTORY

PHASE | SAMPLES

FEL Lab RS Weston FEL Lab Sample
Location Site Sample LD. No, No. Description

Bag 29 28 H3-TACSRS28-0-EMO1 7540-001 SPENT EGG MASS
28 H3-TAQERS28-0-FMO1 7540-001 LARVAE
28 H3-TAOBRS28-0-EMO1 7540-001 TADPOLES
28 H3-TADSRS28-0-EMO1 7540-001 TADPOLES
28 H3-TAOSRS28-0-EM0O1 7540-001 FROGLETS

Bag 30 28 H3-TAOLRS28-1-EM01 7540-002 SPENT EGG MASS
28 H3-TAGSRS28-1-EM01 7540-002 EGG MASS SECTION
28 H3-TAQ05RS28-1-EMD1 7540-002 LARVAE
28 H3-TAO05RS28-1-EMQ1 7540-002 TADPOLES
28 H3-TAO5RS28-1-EMO1 7540-002 TADPOLES

Bag 31 28 H3-TADBRS28-0-EM0D2 7540-003 SPENT EGG MASS
28 H3-TAO5RS28-0-EM02 7540-003 EGG MASS SECTION
28 H3-TAQSRS28-0-FM0D2 7540-003 LARVAE
28 H3-TAGBRS28-0-EMO2 7540-003 TADPQLES

Bag 32 28 H3-TAOSRS28-0-EMO3 7540-004 SPENT EGG MASS
28 H3-TADSRS28-0-EM03 7540-004 EGG MASS SECTION
28 H3-TAOBRS28-0-EMO3 7540-004 TADPOLES
28 H3-TAOBRS28-0-EM03 7540-004 FROGLETS

Bag 33 28 H3-TADSRS28-0-EM0O4 7540-005 SPENT EGG MASS
28 H3-TA05RS28-0-EMO4 7540-005 EGG MASS SECTION
28 H3-TAO5RS28-0-EMC4 7540-005 LARVAE
28 H3-TAO5SRS28-0-EM04 7540-005 TADPOLES
28 H3-TADSRS28-0-EM04 7540-005 FROGLETS
28 H3-TAQSRS28-0-EM0O4 7540-005 FROGLETS

Bag 34 28 H3-TAOBRS28-0-EMO5 7540-006 SPENT EGG MASS
28 H3-TAO5RS28-0-EMO5 7540-008 EGG MASS SECTION
28 H3-TAQSRS28-0-EMO5 7540-006 LARVAFE
28 H3-TAOBRS28-0-EMOS 7540-006 TADPOLES
28 H3-TAOSRS28-0-EMOS 7540-006 FROGLETS

FEL - Lower Housatonic River Project
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Appendix C

WESTON VERNAL POOL STUDY 2000
FREEZER TISSUE INVENTORY

PHASE | SAMPLES

FEL Lab RS Weston FEL Lab Sample
Location Site Sample LD. No. No. Description

Bag 36 29 H3-TAQSRS29-0-EMO1 7541-001% SPENT EGG MASS
29 H3-TAOBRS28-0-EMO1 7541-001 SPENT EGG MASS
28 H3-TACDSRS29-0-EMO4 7541-001 EGG MASS SECTION
29 H3-TAO5RS28-0-EMO1 7641-001 LARVAE
29 H3-TAOSRS28-0-EMO1 7541-001 TADPOLES

Bag 37 29 H3-TAOSRS26-1-EMO4 7541-002 SPENT EGG MASS
29 H3-TADSRS28-1-EM01 7541-002 EGG MASS SECTION
29 H3-TAOBRS29-1-EMO1 7541-002 LARVAE
29 H3-TAOS5RS29-1-EMO1 7541002 TADPQOLES
29 H3-TAOBRS28-1-EMO1 7541-002 FROGLETS

Bag 38 29 H3-TAOSRS29-0-EMO2 7541-003 SPENT EGG MASS
29 H3-TAOBRS29-0-EMO2 7541-003 EGG MASS SECTION
29 H3-TAQSRS29-0-EMO2 7541-003 LARVAE
29 H3-TAOBRS28-C-EMD2 7541003 TADPOLES
29 H3-TACS5RS29-0-EMO2 7541-003 FROGLETS

Bag 38 29 H3-TAQ5RS29-0-EM03 7541-004 TADPOLES
29 H3-TAOSRS29-0-EMO3 7541-004 FROGLETS

Bag 40 29 H3-TAOSRS29-0-EMO4 7541-005 SPENT EGG MASS
29 M3-TAOBRS28-0-EM0O4 7541-005 SPENT EGG MASS
29 H3-TADBRS29-0-EM0O4 7541-005 EGG MASS SFCTION
29 H3-TAOSRS29-0-EMO4 7541-005 FROGLETS

Bag 41 29 H3-TAGSRS29-0-EMOS 7541-006 SPENT EGG MASS
29 H3-TAOBRS29-0-EMOS 7541-006 LARVAE
29 H3-TAOBRS28-0-EMO5 7541-006 TADPOLES
29 H3-TAOSRS29-0-EMOS 7541-006 FROGLETS

FEL - Lower Housatonic River Project

Page 6 of 11




Appendix C

WESTON VERNAL POOL STUDY 2000

FREEZER TISSUE INVENTORY
PHASE | SAMPLES

FEL Lab RS Weston FEL Lab Sample
Location Site Sample 1.D. No. No. Description

Bag 43 30 H3-TADBRS30-0-EMO4 7533-001 SPENT EGG MASS
30 H3-TAOBRS30-0-EMO1 7533001 EGG MASS SECTION
30 H3-TAOBRS30-0-EMO1 7533-001 LARVAE
30 H3-TAGBRS30-0-EMO1 7533-001 TADPOLES
30 H3-TAOBRS30-0-EMOA 7533-001 FROGLETS

Bag 44 30 H3-TADBRS30-0-EMO2 7533-002 SPENT EGG MASS
30 H3-TA08RS30-0-EMO2 7533-002 EGG MASS SECTION
30 H3-TADBRS30-0-EMO2 7533-002 LARVAE
30 H3-TADSRS30-0-EMO2 7533-002 TADPQCLES
30 H3-TADSRS30-0-EMO2 7533-002 FROGLETS

Bay 45 30 H3-TAOBRS30-0-EMO3 7533-003 SPENT EGG MASS
30 H3-TAOBRS30-0-EMO3 7533-003 EGG MASS SECTION
30 H3-TAO8RS30-0-EMO3 7533-003 LARVAE
30 H3-TAOBRS30-0-EMO3 7533-003 TADPOLES
30 H3-TAOBRS30-0-EMO3 7533-003 FROGLETsS

Bag 46 30 H3-TAOBRS30-0-EMC4 7533-004 SPENT EGG MASS
30 H3-TAOBRS30-0-EMD4 7533-004 EGG MASS SECTION
30 H3-TAOBRS30-0-EMO4 7533-004 LARVAE
30 H3-TACBRS30-0-EMO4 7533-004 TADPOLES
30 H3-TADBRS30-0-EMO4 7533-004 FROGLETS

Bag 47 30 H3-TAOBRS30-0-EM0S 7533-005 SPENT EGG MASS
30 H3-TADBRS30-0-EMOS5 7533-005 EGG MASS SECTION
30 H3-TAD8RS30-0-EMG5 7533-005 LARVAE
30 H3-TA0BRS30-0-EMOS5 7533-005 TADPOLES
30 H3-TAOBRS30-0-EMO5 7533-005 FROGLETS

Bag 48 30 H3-TAOBRS30-1-EMO5 7533-008 SPENT EGG MASS
30 H3-TAO8BRSA0-1-EMOS 7533-006 LARVAE
30 H3-TAOBRS30-1-EMOS 7533-006 TADPCLES
30 H3-TAOBRS30-1-EMOS5 7533-006 FROGLETS

Bag 49 30 H3-TAQ8RS30 CROSSOVER TADPOLES
30 H3-TA0BRS30 CROSSOVER FROGLETS

FEL - Lower Housatonic River Project
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Appendix C

WESTON VERNAL POOL STUDY 2600
FREEZER TISSUE INVENTORY

PHASE | SAMPLES

FEL Lab RS Weston FEL Lab Sample
Location Site Sample I.D. No. No. Description

Bag 50 32 H3-TA08RS32-0-EMO1 7545-001 SPENT EGG MASS
32 H3-TADBRS32-0-EM01 7545-001 LARVAE
32  H3-TA0BRS32-0-EMO1 7545-001 TADPOLE
32 H3-TAOSRS32-0-EMO1 7545-001 TADPOLE

Bag 51 32 H3-TAOSRS32-1-EMO1 7545-002 SPENT EGG MASS
32 H3-TAD8RS32-1-EMO1 7545-002 EGG MASS SECTION
32 H3-TAOBRS32-1-EM01 7545-002 LARVAE
32 H3-TADBRS32-1-EMO1 7545-002 TADPOLES
32 H3-TAU8SRS32-1-EMG1 7545-002 FROGLETS

Bag 52 32 H3-TAOBRS32-0-EM0O2 7545-003 SPENT EGG MASS
32  H3-TA0BRS32-0-EM02 7545-003 EGG MASS SECTION
32  H3-TAOBRS32-0-EMO?2 7545-003 LARVAE
32 H3-TA08RS32-0-EMO2 7545-003 TADPOLES
32 H3-TAOBRS32-0-EM02 7545-003 TADPOLES
32  H3-TA08RS32-0-EM02 7545-003 FROGLETS

Bag 53 32 H3-TA08RSS32-0-EMO3 75458-004 SPENT EGG MASS
32 H3-TAOBRS32-0-EMO3 7545-004 EGG MASS SECTION
82  H3-TAOSRS32-0-EMO3 7545-004 LARVAE
32 HB3-TA08RS32-0-EMO3 7545-004 TADPOLES
32 H3-TAOBRS32-0-EMO3 7545-004 FROGLETS

Bag 54 32 HB-TADSRS32-0-EM04 7545-005 SPENT EGG MASS
32 H3-TA0BRS32-0-EM04 7545-005 EGG MASS SECTION
32  H3-TADBRS32-0-EM04 7545-005 LARVAE
32 H3-TAOBRS32-0-EM04 7545-005 TADPQLES
32 H3-TA0BRS32-0-EM04 7545-005 FROGLETS

Bag 55 32 H3-TAD8BRS32-0-EMO5 7645-006 SPENT EGG MASS
32 H3-TACBRS32-0-EMOS 7545-006 LARVAE
32 H3-TAOSRS32-0-EMO5S 7545-006 TADPOLES
32 H3-TAOBRS32-0-EM0O5 7545-006 FROGLETS

FEL - Lower Housatonic River Project
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Appendix ¢

WESTON VERNAL POOL STUDY 2000

FREEZER TISSUE INVENTORY
PHASE | SAMPLES

FELLab RS Weston FEL Lab Sampile
Location  Site Sample 1.D. No, No. Description

Bag 57 41 HO-TAWLRS41-0-EMO1 7554-001 SPENT EGG MASS
41 HO-TAWLRS41-0-EM0O1 7554-001 EGG MASS SECTION
41 He-TAWLRS41-0-EMO1 7554-001 LARVAE
41 H9-TAWLRS41-0-EMO1 7554-001 TADPOLES
41 HO-TAWLRS41-0-EMO1 7554-001 FROGLETS

Bag 58 41 H9-TAWLRS41-0-EMO2 7554-002 SPENT EGG MASS
41 H9-TAWLRS41-0-EMO2 7554-002 EGG MASS SECTION
41 HO-TAWLRS41-0-EM02 7554-002 LARVAE
41 HS-TAWLRS41-0-EMo2 7554-002 TADPOLES
41 H9-TAWLRS41-0-EMO2 7554-002 FROGLETS

Bag 59 41 HO-TAWLRS41-0-EMO3 7554-003 SPENT EGG MASS
41 HO-TAWLRS41-0-EMO3 7554-003 EGG MASS SECTION
41 HO-TAWLRS41-0-EMO3 7554-003 LARVAE
41 HO-TAWLRS41-0-EMO3 7554-003 TADPOLES
41 HO-TAWLRS41-0-EM0O3 7554-003 FROGLETS

Bag 60 41 HYO-TAWLRS41-0-EMO4 7554-004 SPENT EGG MASS
41 H9-TAWLRS41-0-EM04 7554-004 EGG MASS SECTION
41 HS-TAWLRS41-0-EMO4 7554-004 LARVAE
41 HS-TAWLRS41-0-EM04 7554-004 TADPOLES
41 HO-TAWLRS41-0-EM04 7554-004 FROGLETS

Bag 61 41 HS-TAWLRS41-0-EMOS 7554-005 SPENT EGG MASS -
41 HO-TAWLRS41-0-EM0O5 7554-005 EGG MASS SECTION
41 HO-TAWLRS41-0-EM0OS 7584-005 LARVAE
41 HO-TAWLRS41-0-EMO5 7554-005 TADPOLES
41 H9-TAWLRS41-0-FEMD5 7554-005 FROGLETS

Bag 62 41 HO-TAWLRS41-1-EMO5 75654-006 SPENT EGG MASS
41 HO-TAWLRS41-1-EMO5 75654-006 EGG MASS SECTION
41 HO-TAWLRS41-1-EMO5 7554-006 TADPOLES
41 HO-TAWLRS41-1-EMO5 7554-006 FROGLETS

Bag 63 41 He-TAWLRS41 CROSSOVER TADPOLES
41 HS-TAWLRS41 CROSSOVER FROGLETS

FEL -1{ower Housatonic River Project
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Appendix C

WESTON VERNAL POOL STUDY 2000

FREEZER TISSUE INVENTORY
PHASE | SAMPLES

FEL.Lab RS Weston FEL Lab Sample
Location  Site Sample I.D. No. No, Bescription

Bag 64 42 HO-TAWILRS42-0-EM01 7585-001 SPENT EGG MASS
42 H9-TAWLRS42-0-EM04 7855-001 EGG MASS SECTION
42 HO-TAWLRS42-0-EMO1 7555-001 LARVAE
42 H8-TAWLRS42-0-EMO7 7555-001 TADPCLES
42 H9-TAWILRS42-0-EMO1 7555-001 FROGLETS

Bag 65 42 HS-TAWLRS42-0-EMO2 7555-002 SPENT EGG MASS
42 H9-TAWLRS42-0-EM02 7855-002 EGG MASS SECTION
42 H9-TAWLRS42-0-EM02 7585-002 LARVAE
42 MHO-TAWLRS42-0-EM0D2 7555-002 TADPOLES
42 HO-TAWLRS42-0-EM02 7555.002 FROGLETS

Bag 66 42 H9-TAWLRS42-0-EMQ3 7555-003 SPENT EGG MASS
42 HO-TAWLRS42-0-EMO3 7555-003 EGG MASS SECTION
42 HO-TAWLRS42-0-EMO3 7555-003 LARVAE
42 HO-TAWLRS42-0-EMO3 7555-003 TADPOLES
42 H9-TAWLRS42-0-FMO3 7655-003 FROGLETS

Bag 67 42 HO-TAWLRS42-0-EMD4 7555-004 SPENT EGG MASS
42 H9-TAWLRS42-0-EM04 7555-004 EGG MASS SECTION
42 H9-TAWLRS42-0-EM04 7555-004 LARVAE
42 HO-TAWLRS42-0-EMD4 7555-004 TADPOLES
42 H9-TAWLRS42-0-EM04 7555-004 FROGLETS

Bag 68 42 HO-TAWLRS42-0-EMO5 7555-005 SPENT EGG MASS
42 HY-TAWLRS42-0-EMDS 7555-005 EGG MASS SECTION
42 HO-TAWLRS42-0-EMOS 7555-005 TADPOLES
42 HO-TAWLRS42-0-EMOS 7555-005 FROGLETS

Bag 69 42 HY-TAWLRS42-1-EMO5 7555-006 SPENT EGG MASS
42 H9-TAWLRS42-1-EM05 7555-008 EGG MASS SECTION
42 H9-TAWLRS42-1-EMO5 7555-006 LARVAE
42 H9-TAWLRS42-1-EMO5 7555-006 TADPOLES
42 HS-TAWLRS42-1-EMOS 7555-0086 FROGLETS

Bag 70 42 HE-TAWLRS42 CROSSOVER TADPOLES
42 HO-TAWLRS42 CROSSCOVER FROGLETS

FEL - Lower Housatoric River Project

Page 10 of 11




Appendix C

WESTON VERNAL POOL STUDY 2000

FREEZER TISSUE INVENTORY
PHASE | SAMPLES

FEL Lab RS Wesfon FEL Lah Sample
Location  Site Sample 1.D. No. No, Description

Bag 71 43 HO-TAWLRS43-0-EMO1 7557-001 SPENT EGG MASS
43 HO-TAWLRS43-0-EM01 7557-001 EGG MASS SECTION
43 HQ-TAWLRS43~0-EMO1 7557001 LARVAE
43 HO-TAWLRS43-0-EMO1 7557-001 TADPOLES
43 HO-TAWLRS43-0-EMO+ 7557-001 FROGLETS

Bag 72 43 HO-TAWLRS43-0-EM0D2 7557-002 SPENT EGG MASS
43 HS-TAWLRS43-0-EMo2 7557-002 EGG MASS SECTION
43 HO-TAWLRS43-0-EMO2 7557-002 LARVAE
43 HQ—TAWLRS43-O-EM02 7557-002 TADPOLES
43 HO-TAWLRS43-0-EMO? 7557-002 FROGLETS

Bag 73 43 HO9-TAWLRS43-0-EM0o3 7557-003 SPENT EGG MASS
43 HO-TAWLRS$43-0-EM03 7557-003 EGG MASS SECTION
43 He-TAWLRS43-0-EM03 7557-003 LARVAE
43 HS-TAWLRS43-0-EMO3 7557-003 TADPOLES
43 M9-TAWLRS43-0-EMO3 7857-003 FROGLETS

Bag 74 43 HO-TAWLRS43-0-EMO4 7557--04 SPENT EGG MASS
43 H9-TAWLRS43-0-EM04 7557--04 EGG MASS SECTION
43 HO-TAWLRS43-0-EM0O4 7587--04 LARVAE
43 HS-TAWLRS43-0-EM04 755704 TADPOLES
43 HO-TAWLRS43-0-EM04 7557--04 FROGLETS

Bag 75 43 HY-TAWLRS43-0-EM05 7557005 SPENT EGG MASS
43 HO-TAWLRS43-0-EMO5 7557-005 EGG MASS SECTION
43 HY-TAWLRS43-0-EMO5 7857-005 LARVAE
43 HY-TAWLRS43-0-EMO5 7557-005 TADPOLES
43 HO-TAWLRS43-0-EMO5 7557-005 FROGLETS

Bag 76 43 HO-TAWLRS43-1-EMO5 7557-008 SPENT EGG MASS
43 H9-TAWLRS43-1-EMO5 7557-006 EGG MASS SECTION
43 HO9-TAWLRS43-1-EMO5 7557-0086 LARVAE
43 HO-TAWLRS43-1-EMO5 7557-006 TADPOLES
43 H9-TAWLRS43~‘E—EM05 7557006 FROGLETS

Bag 77 43 HO-TAWLRS43 SPIKE STUDY FROGLETS

FEL - Lower Housatonic River Project

Page 11 of 11




Appendix C

Phase I

Randomization Charts:
General Chart
Development Study Chart
Crossover Study Chart
Spike Study Chart

FEL - Lower Housatonic River Project




Appendix C

Housatonic River Project

General Randomization Chart!

Rack T7-01-2 | T4-01-3 | R3-06-4 | T7-01-4 T5-04-1 | R2-04-1 | T4-05-1
1 - - T1-02-3 | RI-03-2 | T1-04-2 T5-06-3 | T6-06-2
T5-02-1 | T4-04-4 | T2-06-2 | R1-01-4 T6-01-1 | T3-02-1 | R2-02-2
R1-02-4 | R1-03-1 | T6-01-2 | T2-05-4 T3-04-4 | T6-05-1 | T2-01-1
R2-01-2 | T4-01-1 | R3-06-3 | R2-01-4 T1-01-3 - T6-05-4
Rack | T3-03-1 | R2-06-1 | T4-06-1 T3-06-2 | T7-01-1 | R1-04-1 | T8-06-4
2 - T5-06-2 & R2-02-1 | T6-05-2 | T5-01-1 T6-05-3 | T6-06-1
R3-01-1 | T3-04-3 | T5-03-2 - T8-05-2 - -
T7-06-2 | R3-05-1 | T2-05-1 | R3-05-2 T5-04-2 | T8-01-2 | Ti-02-1
Rack | R2-04-2 | T1-04-3 | R1-04-2 T4-04-2 | T8-05-1 | T4-05-3 | T8-04-1
3 T4-05-2 | T3-02-2 | T2-01-2 | T6-01-3 R2-06-3 - T7-03-1
T2-02-3 | R3-01-2 | T4-02-1 | T4-01-2 T8-01-1 | R3-02-1 -
T7-03-2 | T2-06-1 | T8-05-3 | T1-01-1 T3-06-3 - R1-01-1
Rack - R2-01-3 - T2-01-4 ¢ R2-06-4 | T7-02-1 | T2-02-4
4 T8-02-2 | T2-05-2 | T5-06-4 | T1-06-2 T4-04-3 - R1-05-1
T8-04-4 | T5-01-2 | R3-05-4 | R2-02-3 T7-01-3 1 T7-06-3 | T4-01-4
T1-02-2 | R2-04-3 | T3-02-3 | T1-01-2 T6-01-4 | R3-02-2 | T3-02-4
Rack - T5-03-3 | R2-01-1 | T5-04-3 | T3-03-2 - T5-03-4
5 T4-02-2 | T1-05-1 | T2-02-1 | T5-01-3 T1-04-4 | T7-02-2 | T1-01-4
R3-01-4 | T7-03-4 | T2-05-3 | R3-02-3 T8-04-2 | T8-01-3 | T7-03-3
T3-03-4 | T3-06-4 | R3-05-3 - T4-05-4 - T7-02-3
Rack - R3-01-3 | T2-01-3 | R2-04-4 | T7-06-4 R1-04-4 -
6 R1-05-4 | T3-05-1 | T1-05-2 | T7-02-4 T3-03-3 | T2-01-1 | R1-01-2
- - - 18-04-3 ~ - -
T8-03-1 - - T2-02-2 - - -
Rack | R1-05-2 | R1-06-1 | T2-04-2 R1-03-3 | R1-01-3 | T8-06-3 | T7-04-3
7 T3-01-4 | R1-03-4 | T1-06-1 | T7-04-2 R1-05-3 | T3-04-2 -
T1-03-4 | T5-02-4 - - T8-03-3 - T4-02-3
T7-05-3 | R3-03-2 | R2-05-1 | R3-06-1 T5-05-4 | T2-03-3 | T3-013
Rack - 18-02-1 | T8-02-4 | T8-06-2 | T3-05-4 T4-03-2 | T8-06-1
8 R1-02-3 | T3-04-1 - T1-06-3 | R2-05-4 | T7-06-1 -
16-03-3 | T35-01-4 | R3-03-3 | T5-06-1 T6-02-4 | T8-02-3 | R2-03-1
T4-02-4 | T2-06-3 | T4-06-2 | T4-033 T6-06-3 | R3-03-1 | T8-05-4
Rack - T6-02-1 | R1-06-4 | R3-04-2 - T6-04-2 | T7-05-2
9 T6-03-4 & R3-02-4 | T1-06-4 | T2-03-4 T6-03-1 | T1-03-3 | T8-03-4
R1-02-2 | T2-03-2 | T5-03-1 | T3-05-2 T7-04-1 | T8-01-4 | R3-04-3
- R3-06-2 | T1-05-3 | T2-04-1 | R2-03-4 T7-04-4 -
Rack | R2-03-2 | T5-04-4 | R2-06-2 T6-03-2 | T3-01-2 | T2-04-4 | R1-02-1
10 T6-04-1 | T1-05-4 | T3-05-3 | T5-02-2 T3-05-3 | T6-06-4 -
T3-01-1 | R1-06-3 | T4-06-3 | R3-04-4 T6-04-3 | T4-04-1 | T7-05-1
T3-06-1 | T6-02-2 | T2-06-4 | RI-06-2 R3-03-4 | T2-03-1 | R2-05-3
Rack | T5-05-2 | R3-04-1 | T1-03-2 | T4 -03-4 | T6-02-3 | T4-06-4 -
it R1-04-3 | T2-04-3 | R2-05-2 | T1-02-4 T5-05-1 | R2-02-4 | T8-03-2
11-03-1 | R2-03-3 | T4-03-1 | T5-02-3 To-04-4 | T1-04-1 T7-05-4 |

'Ti= 8-VP-1, Ty = 18-VP-2, T;= 23B-VP-1, T/~ 23B
Ts= 46-VP-3, R;= WML-1, Ry= WML

FEL — Lower Housatonic River Praject

-VP-2, Ts= 38-VP-1, Tg= 38-VP-2, T= 46-VP-1,
-2, Ry= WML-3. 6 egg masses with 4 replicates of each egg mass.




Appendix C

Housatonic River Project
Vernal Pool Phase I Developmental Study 20001
Randomization Chart

Rack | [7-EMO1-2 | T4-EMOI3 | R3-EM064 T7-EMO01-4 | T5-EM04-1 | R2EMOI-] T4-EMO5-1 |
" - - TI-EM02-3 | RI-EMO03-2 | T1-EM04-2 T5-EM06-3 | T6-EM06-2
TS-EM02-1 | T4-EM04-4 | T2-EM06-2 RI-EMO1-4 | T6-EMO1-1 | T3-EM02-] R2-EM02-2
RI-EM02-4 | R1-EM03-1 | T6-EM01-2 12-EMO5-4 | T3-EM04-4 | T6-EMO5-] T2-EMO1-1
R2-EMO1-2 | T4-EMO1-1 | R3-EM06-3 R2-EMC1-4 | TI-EMD1-3 - T6-EMO05-4
Rack | T3-EM03-1 | R2-EM06-1 T4-EMO6-1 | T3-EMO6-2 | T7-EMO1-1 RI-EM04-1 | T8-EMO06-4
2 - T5-EM06-2 | R2-EMO02-1 | T6-EM05-2 T5-EMOI-1 | T6-EMO05-3 | T6-EM06-]
R3-EMO1-1 | T3-EM04-3 | T5-EMO3-2 - T8-EM05-2 - -
T7-EMO6-2 | R3-EMO5-1 | T2-EM05-1 R3-EMO05-2 | T5-EM042 ﬂ T8-EMOI-2 | TI-EMO2-1
Rack | R2-EM04-2 | T1-EM04-3 RI-EMO4-2 | T4-EM04-2 | T8-EMO05-1 T4-EM05-3 | T8-EM04-1
3 T4-EMO5-2 | T3-EM02-2 | T2-EMOI-2 T6-EM01-3 | R2-EM06-3 - T7-EM03-1
T2-EM02-3 | R3-EMO1-2 | T4-EM02-1 T4-EMO1-2 | T8-EMO1-1 | R3-EM02-1 -
T7-EM03-2 | T2-EM06-1 | T8-EM05.3 T1-EMO1-1 | T3-EM063 - RI-EMOI-1
Rack - R2-EM01-3 - T2-EMO1-4 | R2-EMO6-4 | T7-EM02-1 T2-EM02-4
4 T8-EM02-2 | T2-EM05-2 | T5-EM06-4 TI-EMO6-2 | T4-EM04-3 - RI-EMO3-]
T8-EM04-4 | T5-EMOI-2 | R3-EMOS-4 R2-EM02-3 | T7-EMO1-3 | T7-EM06-3 T4-EMO1-4
T1-EM02-2 | R2-EM04-3 | T3-EM0I3 T1-EMO1-2 © T6-EMOI-4 | R3-EM02-3 T3-EM02-4
Rack - T5-EM03-3 | R2-EMOCI1-1 | T5-EM04-3 T3-EM03-2 - T5-EM03-4
5 T4-EMO02-2 | TI-EMO5-1 | T2-EM02-1 T5-EMO1-3 | T1-EM04-4 | T7-EM02-2 T1-EM01-4
R3-EMO1-4 | T7-EM03-4 | T2-EM05-3 R3-EM02-3 | T$-EM04-2 | TS-EMOL-3 T7-EM03-3
T3-EM03-4 | T3-EM06-4 | R3-EMO05.3 - T4-EM05-4 - T7-EM023
Rack - R3-EMOI-3 | T2-EMOI-3 | R2-EMO04-4 T7-EM06-4 | R1-EM04-4 -
6 | R1I-EMO05-4 | T3-EM05-1 T1-EMO5-2 | T7-EM02-4 | T3-EM03-3 T2-EMO1-1 | RI1-EMO1-2
- - - T8-EM04-3 - - -
T8-EM03-1 - - T2-EM02-2 - - - j
Rack | R1-EM05-2 | R1-EM06-1 T2-EM04-2 | RI-EM03-3 | R1-EMO]-3 T8-EM06-3 | T7-EM04-3
7 T3-EMO1-4 | R1-EM034 | TI1-EM06-] T7-EM04-2 | R1-EM05-3 | T3-EM04-2 -
T1-EMO03-4 | T5-EM02-4 - - T8-EM03-3 - T4-EM02-3
T7-EMO05-3 | R3-EM03-2 | RZ-EMO3-1 R3-EM06-1 | TS-EMO05-4 | T2-EM03.3 T3-EM01-3
Rack - T8-EMO02-1 | T8-EM02-4 | T8-EM06-2 T3-EMO5-4 | T4-EM03-2 | T8-EM06-1
8 | RI-EM02-3 | T3-EM04-1 - T1-EM06-3 | RZ-EM05-4 | T7-EM06-1 -
T6-EM03-3 | TS-EM01-4 | R3-EM03-3 T5-EM06-1 | T6-EM02-4 | T8-EM02-3 R2-EM03-1
T4-EM02-4 | T2-EM06-3 | T4-EMO6- T4-EM03-3 | T6-EM06-3 | R3-EMO3.] T8-EM035-4
Rack - T6-EM02-1 | RI-EM06-4 | R3.-EM04-2 - T6-EM04-2 | T7-EM05-2
9 T6-EMO3-4 | R3-EM02-4 | TI-EMO06-4 T2-EM03-4 | T6-EM03-1 | TI1-EM03-3 T8-EM03-4
RI-EM02-2 | T2-EM03-2 | T5-EM03-] T3-EMO05-2 | T7-EM04-1 | T8-EM0I-4 R3-EM04-3
- R3-EM06-2 | T1-EMO05-3 | T2-EMO4-1 R2-EM03-4 | T7-EM04-4 -
Rack | R2-EMO03-2 | TS-EM04-4 R2-EM06-2 | T6-EM03-2 | T3-EM01-2 T2-EM04-4 | R1-EM02-]
10| T6-EMO4-1 | T1-EMO5-4 I3-EMO5-3 | T5-EM02-2 | T5-EM05-3 T6-EMO6-4 -
T3-EMO1-1 | RI-EM06-3 | T4-EM06-3 R3-EM04-4 | T6-EM04-3 | T4-EM04-1 T7-EM05-1
T3-EMO6-1 | T6-EM02-2 | T2-EMO6.4 RI-EM06-2 | R3-EM03-4 | T2-EMO03-1 R2-EM05-3
Rack | T5-EM035-2 | R3-EM04-1 T1-EM03-2 | T4-EMO03-4 | T6-EM02-3 T4-EM06-4 -
11| RI-EM04-3 | T2-EM04-3 R2-EM05-2 | T1-EM02-4 | TS-EM05-1 R2-EMO2-4 | T8-EM03-2
T1-EMO3-1 | R2-EM03-3 | T4-EM03-] T5-EM02-3 | T6-EM04-4 | TI-EM04-1 T7-EM05-4 |

'Ty= 8-VP-1, T, = 18-VP-2, Ty=
Ty= 46-VP-5, R;= WML-1, R,=

FEL — Lower Housatonic River Project

23B-VP-1, T= 23B-VP-2, Ts= 38-VP-
WML-2, Rs= WML-

I, Te= 38-VP-2, T= 46-VP-],
3; 6 egg masses with 4 replicates of cach egg mass.




Appendix C

Housatonic River Project
Vernal Pool Crossover Study 2000*
Randomization Chart

T1-5 T4-6 T2-5 - T2-6 T3-10 T3-1
Rack - T1-7 - T1-1 T3-5 T1-8 -
1 T4-1 T3-3 T4-4 T4-7 - T4-5 -
Ti-6 T3-9 T2-7 T3-2 T1-9 T2-9 T3-8
T4-3 T2-8 T4-8 T2-3 T4-9 - -
Rack T2-1 T1-2 T1-4 - T3-7 T2-10 | TI-10
2 T3-4 - T3-6 T4-2 - T2-2 T4-10
| - T2-4 - - T1-3 - -

! Ty= WML 1 larvae in 38-VP-1 media, To= WML 2 larvae in 38-VP-2 media, Ty= 38-VP-1 larvae in WML 1
media, Te=38-VP-2 larvae in WML 2 media 10 replicates nsed.

FEL - Lower Housatonic River Pro ject




Appendix C

Housatonic River Project
Vernal Pool Sediment Spike Study 2000!
(Spiked with Aroclor 1260)
Randomization Chart

Rack S1

8= 30mg/Kg Aroclor 1260 spiked sediment, replicates 1-4.

FEL - Lower Housatonic River Project




Appendix C

Phase I
Developmental Study

Raw Data:

Egg Mass
Mortality/Metamorphosis
Larval Stage/Malformations
Larval Growth
Metamorph Abnormality/Weight

FEL -- Lower Housatonic River Project
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Appendix C

HOUSATONIC RIVER PROJECT
VERNAL POOL STUDY 2000
PHASE | RANA sylvatica MORTALITY/METAMORPH DATA
COMBINED DATA SUMMARY FOR FIGURES

B-VEA (BITE 247 BVEZ(ETE 21) j 46-VE-E(SITE 35 —[
GUMLR, CUMUL., CUMUL, CUMUL, CUMUL, CUMLL.
DAY STAGE % MORT _ SEM % METAM. SEM DAY STAGE % MORT  SEM % METAM.  SEM DAY STAGE  %MORT _ SEM % METAM  SEM
[ 17 0.00 2.00 oo 0.00 o 17 0.60 0.00 0.00 0.00 0 17 0.00 6.60 0.00 0.00
10 20 117 0.08 0.00 0.50 18 21 1.00 0.8¢ 0.00 0.00 11 21 1.00 0.40 a.00 0.00
385 23 1233 3.80 0.00 0.00 3t 2 6.00 220 000 0.00 45 a8 24,00 10.10 0.00 0.00
a0 40 35.00 5.00 15.30 5.60 72 36 18,00 4.40 2.57 1.00 57 38 2657 9.80 0.3 0.20
133 a6 86.43 8.80 31,74 7.30 110 38 4050 3.80 34.87 4.80 105 a3 3517 770 6217 7.20
154 40 66.58 8.70 32.74 7.00 142 41 50.50 180 44,006 3.80 126 27 35.67 7.80 64.00 740
168 48 66.78 8.70 33.24 870 173 40 51.83 230 47.50 2.70 130 ND 36.00 7.40 84.00 1.40
184 40 51.83 230 48.00 240
191 a8 $1.83 2.30 48,17 230 |
18-YP-Z (SITE 27) 23-VP-Y (STTE 285 —l F 23b-VP.Z (SITE 28]
GUMUL. GUMLL. CUMUL. CUMUL. CUMLIL, CUMUL,
DAY STAGE % MORT  SEM % METAM. SEM DAY, STAGE % MORT  SEM % METAM. SEM DAY STAGE % MORY  SEM % METAM.  SEM
[ 17 000 0.00 0.00 0.00 [} 17 0.00 0.90 ©op 0.00 [ 17 0.00 0.00 0.00 0.00
10 22 2.60 1.90 0.00 0.00 16 21 37.33 1210 0.00 0.00 0 25 9.80 4.30 0.00 0.00
45 25 25.20 8.20 0.00 0.00 52 32 78.33 10.80 0.00 0.00 42 29 54.00 14.70 0.00 0.00
73 30 47.00 7.60 0.00 0.00 79 3g 83.87 8.20 617 2.30 a0 40 63.20 1180 8.00 2.80
104 az 60,20 8.80 0.80 .60 110 2 83.00 5.60 14T 5.10 101 39 78.80 7.40 13.00 5.00
138 k1] 71.60 7.50 220 150 124 ND 88.83 £.10 1117 510 143 39 22.00 5.50 17.00 580
156 34 82.20 3.40 240 1.20 154 ND 82.80 5.0 17.20 580
164 ND 97,60 1.26 240 1.20 l_
o
38-VF-1 {S[TE 30} "[ 46-VP-1 (SITE 32) WMlL-1.2 3 {COMBINED]
CUMUL. CUMUL. CUMUL. CUMUL. T CLMUL, GUMLIL.
DAY STAGE % MORT _ SEM % METAM. SEM DAY STAGE % MORT  SEM % METAM. SEM DAY STAGE hMORT _ SEM  %METAM.  SEM
o T4 0.00 0.00 0.00 080 0 17 0.00 0.00 0.00 0.00 o 17 0.00 0.00 9.00 0.00
21 22 300 140 0.00 0.00 15 23 1.33 0.80 0.00 0.00 11 24 2.33 0.68 0.00 ©.00
57 25 733 230 0.50 0.30 42 28 417 1.10 0.00 0.00 a7 ' 30.17 4.08 0.00 0.00
105 3z 25.83 2.0 74.00 220 80 35 63,33 7.50 6.67 2.80 74 40 39,50 4.87 4.44 0.84
125 48 2583 2.10 7447 2.1 101 41 79.67 620 10.83 a.10 105 44 60.89 4.18 15.50 2.08
133 34 85.33 400 13.33 2.80 137 44 75.67 2.52 20.11 2.35
140 - 8G67 3.80 13.33 3.80 147 a4 78.81 256 20.39 241
154 - 79.61 2.41 203 241 |
Data Shared with Crosscver Stugx Data Shared with Cr Study Data Shared with Spike Sty
WML (SITE 41) WML-Z (SITE 42) WML-3 {SITE 43;
CUMUL., GUMLL. CUMUIL., CUMUL. CUMUL, CUMUL.
DAY STAGE %MORT _ SEM % METAM  SEM DAY, STAGE % MORT  SEM % METAM  SEM DAY STAGE _%MORT  SEM % METAM  SEM
o 17 .00 0.00 0.00 0.00 0 17 .00 0.00 0.00 0.50 0 17 .00 0.00 0.00 .00
1 21 1.3 0.50 0.00 0.00 1 24 433 1.60 0.00 0.00 11 24 1.33 0.50 0.00 0.00
a7 20 1647 3.80 0.00 0.00 a7 2] 34.50 4.80 0.00 0.00 47 34 39.83 6.90 .00 0.00
74 34 2033 4.30 2,00 0.80 74 40 46.33 8.7 4.67 1.10 74 40 5183 590 7.83 2.00
108 38 40.00 3.80 12.80 3.40 105 42 71.83 4.60 10.50 2.30 105 4 70.83 310 2350 2.80
137 42 68.17 450 2217 5.00 137 4“4 84.17 2.40 12,83 240 128 44 7383 280 25.33 .00
147 1 74.83 560 23.00 520 147 44 8833 2.80 12.82 2.40 132 - 74.67 3.00 25.33 4.00
1654 - 77,00 530 23.00 520 152 - 8717 240 12.83 2.40 ]

Comments: 1. % mortality and % metamarphosis are based oh total number of dead and metamorphed larvae on a given study day divided by the infial number of larvae af beginning of study,
. For the purpose of graphical presentation, stage values presentec represent the grealest stage attainad within a rangn of stages identifed for a given site on a given study clay .
In some cases, slage decreases dring the latter part of the study due o metamorphaesis and/lor death,

n

FEL - Lower Heusatenic River Project Page 1 of 79




GLio zalng A A0y aueiensy stwney- g

et e —,

LB 5EL vgag LurkcH L399 ua sy g g o 3 3 [ °

FELOSEL ey O bg 09y w5y E] E L] i B b o

L4E ¥TL LELg 802 Lvlg 0059 g ¥ i i ' wZ a

LiL vEL Zmig 002e T 98E 00 ey ] 8 & v k] 3 ' 2 o OGOZE 2
L4 Rl paya o0Eg €821 o] 5 L] Bt o ¥ [\ E + [ 0 LI T
FRLOBEL pog on'ig 00 45 5 g [ [ ¥ L3 [ 3 52 i BB peoaeb
CRL g0 piew a0ez a'sy 5 ] &1 [ 3 [ ' v 14 o Ve goeEms
Lt repy g 00 28 $ ] 8L a * 0 ' E < Q 2 oouzisie
5L X1 L081 0 s s El 1Y o 14 13 1 I e Z L T,
e g2 dEZE aa L s ¥ i) k1 o ¥ 3 L t L L 8 BOOEL2
488 15 pEg [N 00 o5 3 8 Bl o H ] : + 9 0 08 Oo0gEss
EBS g5 pzpy 00 0065 ¥ 9 5 ‘ Z H 2 [ L 3 3 2 o B4 aveznng
8l gz - a6 gy Lim sy * 3 iy Zi 7] wg we Z b4 z o k i L a 2¢ e 1)
FIy g4 Ll o's 0o'gy w0z adrgy T £ [ a TOE oow z 14 t4 L 4 b ¥ o ¥4 OGS
|- L ) S L sk WIL goyy H 1 {8 43 L 053 aop 2 L €@ z z 1 i L ¥ o 8L 00basmiE

de0z o i (S8 iy oo [l o L H t e ooy L P e o 4] o 1 Lo a 0y OOOZIE
B gy i34 (L5 0Ty WG ooy o st o z Wo  oog o T ] o Q L o [ 8 oo
o og o o L W' gowe 3 I 3 ' 09 gon o sz 9 2 ¢ 3 2 o 2% onoEn
om0 go 2] 0528 o0 GpEe © £ £ o e gng 2 &z ] o o [ ¥ 0 05 OooEgts
B0 gy oI e 00 4 e poge [ Bt b @ WO pog o £ 0 9 g 3 v o W andeos
wu ae o0 500 9 45 o] Lk 4 L:3Y [ o o ago Q & g o o t 3 Q had e
®oorg gg tog L3 WY gpes v 2L £ o 0T opp o 52 ] [ o ' e o Lx  oo0AEs
B o oq mwe UL e 00 bz a g 2 i Ero ) uop ] A o [} i L e o (43 GONTRES
woogp o Lo seoe oha tag ¢ 5T ° L] W asg 9 sz ) o o p vz [ L
L ©a o oog DO S oo Lili] L] L4 o a o oog [ 2 o o &0 L) a ] 2 o L RhlA T |
B v g e 0a &8 «n L0 a SE [ o oo 00 a £ 0 & ova o0 o 3 L L Fan RuleAfay
W gp oo o0 e 0Ga e [ 52 o o WO gop 3 4 2 ] W0 gags 0 + £ 9 S 00oEss
Ed va g a0a O 5 1Eid o o 4 a a o ooy 0 57 o 3] oo -1 a ] 2 ) L OHERZ LS
=Y oo ag are wez fuils) e & 4 o ° o ilige] o 5 Q b ooy e o 3 L4 i g DOUEN L
B g0 ¥0 o 33 oye oo 0 58 ] ] e oy [ = @ ] 0 sags 0 i L a OF 0aRoLs
Eu g 5303 Ll a0 85 e aag L -4 a o wo ooy 0 iz ] 0 oo 95 a L w 94 B2 GODEESS
g0 gg oo L2 [ oo ] 2 [ o [ a 4 ) 9 12 00g  ooze ] 2 ] 8 L00EES
Ru 4] 40 odg [LiRY 0g [2al3) o 5 o o wo [£)) o o 3 o 2 a0 owog <) 7 2 = 5eTiG
W gp o0 Gao -4 a 5z a & 80 gog ] sz 0 0 ] o o a 52 ¢ 2 oozre
Beogn aq (] 1 [ s [ 9 68 nop o 3 o b L4 o0g o [ 2 ] e poozims
0y g o0 Lu u 4 o o Wo oy [ 52 9 [ s a0 g o £ @ 2 olndms
L a0 [\ «0 S a 4 a & "o ang o & o a Ed oga Ko @ 52 ° 28 [elele ]
Bogn gg oo 01 o 52 o ] O g 0 £ a @ L4 oo L] o & o L ogazis
U 34 og elik ) S0 ) 5z ¢ g ang &b o &4 i o = o oo 9 2 & 4 OOUEEE Y
o gyp o0 a0 oo a 3 a ] 00 ggg [ sz o [ E oeg o ] 52 ] L v
LT 40 oo wo [ 2 o [} GO Ho a 84 4 a 5% oo [+ o 52 a 9L nonnaTe
2 on an W WY a & 9 a a0g s o %@ & i} k4 a0 g ] S & 1 G35
¥ pg &0 ooy g 2 £ 4 ] 600 agp 0 52 0 0 =2 o0y (D] ] 3 o Lo gomEe
B gy ey o oo ] w® o o 06 gpo a 5 a ¢ sz oan ey ] = o L conznze
EL 90 () Lo ridd) ) L4 o a 400 g o £ o n ke Lap 0o a ki bl ai 0Cazmese
L 29 &g ki3 oo e 4 ¢ o oa a0 o E4 o o 2z Lol o a k) o CORZI LY
W gy on a0 a0t © 4 o o 808 oo ¢ s a @ 4 om' a0 o 5 0 00Z/BLIY
L oo a0 oo Loy & - ] @ 40D oo o 4 ° L] sz e one @ e a UO0ZLN 1y
Lt o) 4l g o 8 k4 a o Gg wo Q £ o a9 e Uiy wa @ 52 b ToL5LE
au g oe oy e o k=4 o L) [ oeg a = 3 G £ e ki) L3 s a SONTreLie
By jid] an Gz g oo & s ¢ & Rl £k © = o o £ e30 LLi0+) a kS 2 QOUTL Y
2y g v oy e ) 5& & o g ayn 0 2 o L) 52 Cea 2o a 52 -] QA
B a0 an o Pl a k4 a 8 ann o a 52 i & & o' oo o £ a DoGE L
bl [} &Y noa voa & s & & {00 09 L] ST i o & e wo o G2 & Qoo

Weis esl ol 4% ELTEY] YA 30 NeaR WLSN WYITH TGarw N O T B T E e SNV OVSE dvea WYL TECR Wvish T T i) P EIN T v WYLIW e Tn I EYEH
OIS HaNOWY13n SOUBIUYLIS ALITVLHON % % Nhng ON ON M [+ * % arwnD oN o MWND oN H % INRND oN oM ARG M % k) Ll N TN TinAng oN
S5V 903 SSvi Doz TRND Wno TR sang WNRD WWng T W
Os0K3 Isona Fen3 Yaong
fs-daal oz Auis

Yiva Inzo&z»w_?.t:ac.zcl BIUEMAS YNV | a8V
8007 A0N18 100d TVNHIA
LO3NOud ¥aAR HNOLYSNOH

DApusddy



Eoowaamagnmp

L

e T

Bzepalng afosy SR N0ty ey . T34

o 3 2 o 9L onenem
] B [ o S oo
8 ! H a a Lk CoEZm
41 4 T @ o B ouEsLE
4 o £ i o LT e
i ] t o o L enlEn g
: ) £ o o 2 custmim
4 3 T a 4 B0 ot
4l o H @ o Y ot
3 i 00T ocoag £ € 0 a 2 sommsnL
5 5 00Z1  goes € H 3 9 BOC DiOZuE,
902 Yobe [} v \ ' S oung
I ggos H $ oz [ HE oo,
0E poos € 5 o a 000 DaErsi
00ZL  ouoe E s ] ' &8 oo0iey
ML gow H 1 H &l 9 & 6 ooanELy
0B adss @ ] 5 8 8 5 onooyy
+ 003 upg, z 3 .1 ' ] 48 OnRE
£ L 908 pozs z < sl [ ] BB nooZian
4 3 08 aoze z § £ ooy
4 iZ ¥ 13 0 B uB CROTmE
2 (3 6 q L] ] B oozl
a 2 v o ) s gL ootaney
o L L [ o s ATy
o + i a B 000TIELS
o +2 B ) 05 nocee
o 4 3 0 45 Dooziey
e omy [ '3 3 0 E5 oesg
o oo 0 ¥z 4 [ 2 05 00y
W o ¢ w | o z LI
wE oy [ w ! o . ¥ ODDZaE
wa ook ] 52 + o ] v oDoEdes
w9 gy a I3 . o 9 AR
T ere ° ¥ L 0 ¥ 86 otRzmie
w0 poe 0 32 t 9 * ST Dooraslig
e o a L3 B ] ¥ 2 omYs
oo e q i3 ' ] ¥ SE omEmie
0t oy [ w L [ 3 2L oney
ae oy o 2 3 0 T T oo
500 agw [ w2 i 9 £ 08 ooy
W gy a 3 1 o t 52 ooiEes
[ & T L o z B nonmis
We ooy 0 "1 v 9 H o 00zms
089 ggy a 2 i o 2 SE oot
0% gow a 2 1 o & e om0z
08 oy ] w2 L o z 2 ooozins
e agy 0 [ t a w2 4 T onges
650 g0 a " 1 o s =4 g FE omnghge
e oo ] 51 L o g ppy w2 ' L
We o o + 3 o 00T oo E [ AL p0azicEr
o ooy a 2 ¢ a W0 ago s [ B 00aME
[ 0 [ [ 1 L] L0 g -3 2 St ootumes
e oo k] [ L L] 60% oo E ] B oGtz
200 o'y o L 3 o e a0 S o L o0z
00 Gt 8 [ E ' 00 apg 52 o O BGOGEN
0BG g0 2 5 4 [ 9 og 3 1 & oonEle
oy [ = o [ 05 pop k: 9 8 ool
0 o < 0 0 e oy 5z o Lo vy
a0 4 ® @ ] 00 pyn 5% a S OMZSHE
oo ] - o 0 w3 fop 4 3 D0
204 0 <z 0 o 0T oo 52 o T UELY
onp 9 5 a ] 630 gog 52 9 o oeozElw
WE gy 5 = 8 o 000 gop sz & i D00
000 og o sz 0 L] 008 oo 52 ¢ G o00EDL

L Y LR TN TIR T SR
WA D ON  mwng gy

ELNT AN T [ T e T e e

WWNo N N NN o

WYL Tugw WL R ian
% Ed g o ON UHHIND oN

D TN

% % £
MARS Ineng WD nmng

Sritng Sona Y-iang

fi~da-g) 07 apag
VLV HAHOWYIINALI TV 0w eopaauds YAV | 38vHd
LU0Z RANLS 100 TwNuaa
1O3rQ¥d AN DINOLVSIOH

D WP Uty




Sl yabey ﬂ-‘o._aizxu‘z.uﬂ:nx&sj]_mu

I oreg a a 2L © Y9 oove + ¥ 1z o ey oozg 43 zL i 3 98 powg z 2 L3 o 95 entInim
Leag GHZE oues k] L] 4 g GUIy goey ¥ ¥ 24 0 LE8F  pogs 2l i 113 Zh & 27554 [ £ Fa L 4a ¥Ei OO0 L
R 7 Y coRy 002 guag & 8 20 [ ©0SH ooy ¥ ¥ 2 a WEr gy 1 T 2k o 008 e I3 3 u e el o00gsss
S8 BT gopg o0 8s 602 ooay 8 3 E o [T ) » 13 1z o L¥e page 33 113 (4 a wE oo 4 2 B Q el otogge
S8 895 gygy ] O0EC dogy £ a 2L q 0% {Ceg ¥ v & [ Wiy ooge L 33 Bl o CCEZ pdEs I3 Z B ¢ i odognta
X3 LEEL &g Bir=4 GG B Ll B L3 L] CUsL 00'vg v ¥ (-4 & Wrr ek it o 43 o Q0B oz < £ BL a aFl GORTBE
¥BL 8% Tee [cxd 1) BoEE o083 B L] i u 0 91 Lovg & ¥ iz a 0Py ey b £ Zk o L6 8 0z & 4 8L @ £ 00T k08
8L #g 1378 00 8% a2y ez 8 4 24 i DWEL 008 ¥ L4 A a Wi ooge 33 3 £l Zi i 90'BE Gy Z £ Bl o kTl TOO%TER
gFE § soor 32 WTE goeg El 7 4 i} GI8F  ogbp B * 24 [ 6107 tuEw o) € zl 4 Mez onzg F 2 2 a £8F vomEnEm
§¥ 0% pom o0 98 02T gugg B 8 21 a 0rgl ooy v ¥ 12 a Wer ooy ol G oL H OFEE D9 EL 4 < a1 [ 8T ocoaEve
5P 9% 9004 0075 qreg pa] 3 L] £ ° 2091 00w 4 ¥ 1z & oor  gozg as I ® o 10 82 foze 4 £ S o Al DOGEFL 8
5¥E ng son L] voze wEy & 2 £ o 069 oota ¥ ¥ 34 o [l ol 1} £ 2 i) T8 RLES] ka £ L T L0 OUAZK LG
BB £ £l 00vs [l:k4d 089 2 8 ik & WS ooyl ¥ ¥ 1z & w0sE oozt % 3 4 4 ] 00 B2 el 4 4 13 a =) CRZNH I
wez g s o] Lpee o083 B 8 i ) RFgy 00 v 4 ¥ 23 o et gazs B 13 & a 20’8z ozy 4 I3 U o EhE EUOTIL
L'k . T Tis DO +a LA a0 e B 3 £l a 0084 nb'eg 4 T 32 & oz opes 8 £ ] G oo Bz oed L L B e Fhi BeRzER
L s o0 v I o83 Ll B £ b B¥EL 00w ¥ * [ ¢ MWEE  D0EC 4 4 8 ) H'EZ gL £ i L33 a 244 OO0EN S
082 et L Rt 00ZE 0w B § [ P 0 09 opee 4 v 24 4 DHYE  0OTE 13 2t & a e anEs 3 3 8 o 805 o092z
a5e 5t JEF 00'EG Qe o099 4 b a Fa Z Qs ek ] ¥ » 2 o weE oy B 21 ] o woez orEL £ 4L Bl o S DOCENTL
T v Lay gy O ve oo E gk + o B9 00E ¥ + 4 ° Goer Qowr 8 P 3 9 ez [uekd £ 4 L a bow QoR0ZA0z;is
LA tozg 0% ga09 3 o 8 4 Gl pres v v 4 9 00EL  opEE El 4 a o W gpEs I3 2 &l o [ T
ey 295 pait) S Cdes B 33 e 3 el 00w ® ¥ 'z o WTE  agzg 3 z 13 L3 i W pIs £ 3 8 i B DO0ERM
12 gz gog o0 85 02N gahe 8 2 # L 1} o¥sL Goeg ¥ + [£4 i OO onEg 8 B 4 & 60 aomg I3 ® 2 o DL 4
¥ 8T pae 0055 [ B ? oL 1 b WF ooge ¥ § o o QW ovEr El L z 3 aEE oo 4 z & £b a L6 GonEh
% 8l Fa BOES Ce9 ooqr ¥ z g ai [ g ooy v g o [ Lo dave 3 2 13 & 4 D0E ogew 5 g Fi3 ° a4 snozias
9TT 5T gux 005 LEEd 2oy z 54 18 € s poow * ) k3 2 £ [T ] » a2 § 0 0002 oyes 5 3 En o 9 onoessy
B3t s ug ey o0 ooEz z 8 < € GOz ooma © 8 P ¢ 049 ooz ¥ t o § z 000E ones 4 a 2t € 8 05T
P £ o] h 4 @ gl B 18 3 . OFEl  pyEy 3 [ i o GUZL  pyEl 13 + 2 3 a e aoey s H g 4 o8 uoEEEe
Vv omz v Win O Gxey 2z 3 z 3 b Lk LR ) t3 k] 24 2 408 oozl Z & [ £ z Lleyeod BB ag s z 3 3 4 B (o ared]
458 of 05 00iE e aag 1 =z Zz a uoEs a0y 13 & 5k o ma oy ”n w2 3 @ foETL 00Es i i i [ 2 [yar ]
456 g ot 29le Ty Lok ] t >4 z & A0z oooy € ok 5t 1 a9 any a ¥ i Ll ooy LS £ 4 23 i ¥4 GO0ZRED
258 pE 13 H00¢ airy e + 3 =4 2 [ e gy 13 & 1y ¥l gt Y e o 7 L a - o2 £ T & €L 4 04 ocEELS
QO0E o oy 0051 ) oo o @ z o L e L i w© z H 0o SR ) & i o anp aaam [ 8 o o 08 dooes
U o da By re oo'd g a 7 4 o L] Wy o ¥ 3 o /20 oy & W + o Lo OO L] Sk G a 3 AGETS
o a0 o [ 30 Lhg] 1] b Z a o ' @ ® + b oo Lo o L4 3 i e [4leaeid o i [ ¢ [] Lo/ Lrs
B og 20 oLy oG [l 9 =z € © 0ae 2T o 5T o ¢ g K Q e 4 o Rl no ey o e ol ] " DOOEBE
= an ot 00T oo are o e z a oG oo ] ¢ a9 o one oRF & L L Ll oog a0op a7 EH o it ay Q002eEis
=y &a an L) LY £ PEE [il7d (3] o8 a x4 Z & tao ol ¢ £ o a oo g a E i [ mo o o kL ok o Lt Congseg
L o o e LGP 48 LFEE ek W'e We o iz E v wi 030 o 4 o o oy [Hiad & ¥z L o Ll onor ] L oL ) £ QO0Z/52
w 90 oo G0 L08 g £biE 0%k o s3] o 2 z 1 a0 g a <z o a aop w o e L T ang [Legery © 51 o C 4 SonTEs
By o ae o a T pE LEsE oo Ey ovs LR a ki 1 ¢ ot q ato o = o ¢ o W a 7 L o Rl 0o Ge o 5k ok @ 13 [ulalelali 30
B gp 09 o0 E95: b6 ozsg ooz 400 oy 3 2 3 Q We o a 58 0 i} o oo L} £ L a oo 00y L3 5 a5 ;3 82 oanzmys
EU 40 anp won £851 5 TESE oBzL oga W o w 1 & oo L & 52 i 13 0 fakd 4] e 1 o oo REHCY o g L a Lif LAV
e ap oy aag 13- Y 0z58 ozl o Gy e 2 t Q o oo ) se Q o oog [ ° L4 b 1 b0 g ook @ L o & 5L 02tLs
L oo a0 ora - TR ) Lt st Beo e a L 1 o 40 o & 5 @ a Ugn a0 o a 2 a r fo'n fouid ) LD L] Z 2 COGEZ LG
BY o o W ¥irt gz Rk e a0 oy & k4 3 o aus o a 4 0 o oue £g o] 5 [ 4] oo 0Bzl o [~ t o 334 OO LA
B ¢o o ore Fir gy 0ge Doy o 0wy 4] Lo i < [0 o ) 52 a o aoo oz o ) kg o i g gL & L= T o ag plindiiny
B ag o 200 LIS T T azg oy W Ky i 2 3 o oca Rl o k4 D & [idi] 200 4 L & o ivo foes o z e i B2 NOGELIES
U Lo T0 o3 2iBL B Lk g En oey o LA 3 Q9 Wo oo a 8¢ a o noo oo o w2 o Q toe a1 e o k=4 2 L az ruri:
Bl oo ia oo ERZ A Ty aaz we bl @ 4 1 © ikl e o = o a 40 XD Q 52 Q ] wo owr o ¥ 3 o 52 0002
L] & g0 oo ELTER- 3 ES one Loo o'y o Vi 3 a9 ol e o S& g i oo "o ¢ o T Q nra 0w a B t L 82 GO
Fu a9 09 o0p FEh o2 s oz oea W a W } o oo 90 o = a a no oy L 2 o 2 aog B ¥ o b b C L DOOZIBSS
By o0 oo DG EREE Y s (e R i) ooy o L t ) o oo o k14 o o e 990 9 g2 & ) o a0E o ¥ b 2 iz flt 13
B gg &9 [ §E 21 o8 oog oo g wr [ 14 L @ 090 009 9 52 4 o 00D oo o & o a g Wy [} £ 1 o W I
Ll ap o a0 EETI -4 5 ®Z oo ferk g & 4 3 3 g o o =z o a 220 il 9 = 9 o o [lend o e b o 4 o002iij5
B o 0 o g Qe0E 01 Ty R} 1) k] o k4 a a9 oo oo Q9 w2 a o woo g r £ o [4 ne L0 ] e P o AL NOCZ/REN
Hu an og 090 FosT oL 0¥ o 0y b a k4 o e oo filex ] o 4 13 o o [eski ] o S ) @ g L ¢ 2 3 o Lk fLatarziig
By &0 og e tuoe 0y ay qE oo o0y ) 52 o o ang oo o < o ° w“wo RN i 5z o o o e a ¥ b q EH QU029
e a5 9 0o 9HZ 0y by oot 06 [ a G2 a & uakel ang a = a o o org o = o 2 oo oy L ¥e ¥ L kL COUISERy
BU T e atra T Lad G oo 2] o k-7 ] 0 ong 0 ] = o 13 @0 W 2 5z a e aan oo ) e 3 3 L3 DOOEET Y
L o &a a0 ) L o &0 oog nirg wle a Ed ) L] we oxo a 52 o ) oS Mo e 2 o a oo P a 3¢ a 3 [ [ttt
LU oy oe o0 wa a0 ap ol @0 Eild) 4 ¢ ° o adn q0% ° R a L el aoqy L = o 1 20 o0 T SE b1l o o COBERTH Y
4 og -0 [T B o o0 e oea oog [} 2 1] 0 €Q0T org o £ L} o ot eoa 9 s& " o €10 ) 0 8 o 0 & oooZeLs
B o e o L @40 0% aan op fusgy] o w2 o el 430 ) o 52 Q L] a0 Liski] L) k4 @ a 004 foa o 2 & & a TSIy
al 43 5] e Bu oa ¢o 209 ei] Wy o &2 0 a we cio o = o @ 00 200 T 58 4 o L0 wo L] 52 o a < OO0 4
B a0 of L i) e &0 ag age e file) 4 5 ¢ 9 00 g & % a L] wy 0B o 14 o bl oy a0o kil 2 L] o g COOEEL
- oy 29 Lk Wu [<bs) o ol L) ooa o &z o o oo Road o 5 o o 2460 oo o s 9 @ aao ooo o 52 ° 2 ¥ DOGEEL
= Ll an oo B 28 [ Ll LaEH) Lisdv] ¢ 4 4 4 wro 0oo o 5z o o a0g [ B 4 i a oira o a 52 a @ € Q0LEL
L By aa [el<ka) su (4] o0 Lo oo oo ) Sz ] a ong «e © S i) a wo 00 a s2 a T wo Gap & E o o 2 VOCEBA Y
L an un G0 L ar LB k) W o a k4 Q9 [ oo o L ST o & oo tra o 82 L o ol (L] 0 sz 0 9 L DORZHifF
sy oa 0 oo u o ae a0 Rl woqg o Sz 1] o oo e C kA & o 00 w0 ) S ) i ong wa @ w2 Q -] o LTy
A NS 23 ESTEYA % F3 NI R T v WYL T a0 CvIQ TWIISH I EoA YL ANVISW Shew Cvdl ~ ovEG |rev [am LHON o TN oL 3 AN Tw3E Gwsa WL Lo e L3 WYLIN JAY Gwar [EE [V ) Alvd
SDUSIVIR BAROKY ] 5w SOHSUYLS AlwLIuOR " L] TNz GN CN I oN # % L] oN ON AN ON bl % Lt i [ i rweng GN T k] RND UM N N oN
SSvhoaa SSYH D93 R inang NG 1WNG TWED NG WD nwno
L& X e TN VL0l

lL-cn-g) oz A1ss
VEVT HAUONYLIWAL IVINOW opeats iy | H3YHd
000Z AONLS 100 TeNman
103roKd Y34/ DINOLVENOH

Dupusddy



95 WS YA 5 40 MY
SOHBILVLS HauowyL Iy
SSYiF S0y

YA IO NG SN
SOULBHYLIS ALFvLHON
S5l 003

e
k) %
R I T

THCh VISR L

WND

O

gL 1]

3N IV T30

ON N0

avag
oN

WYL N0 L SA [ E =T,

%
NN A

vivyg HAHOMYLIWAL v NON EImanAS vy | 3vHd
0002 AQMLS 1004 WNHIA
103rCHd HIAN DINOEVSNON

%
THND

BLivgafuy

P80 Ay spuaima oy meq- 124

TN On oN

g 175 ]

(b-aA8) 02 AL1g

1608 6os o e an 3 a VIS Gy 3 £ E2) 0 BE 000z
28 gow % o L o I o0Eg 8 3 B o E5  QUoEZise
2813 eos i [ ' o 003 fpeg ] 5 o z (LI 0
Z8LE 608 & Ui 3 i G0 8¢ £ £ B H ¥l 4 A8 e
Z818 £ 3 3 13 ] i thze 028 L] Zh £ 8 2 Q5N
o2l oog 4 i 3 o i aazg bozs & L k4N zl 3 kL CORBIESL
FEEs  gap 4 33 a o biée o £ i 51 o [ LI e
Loke ] oo 2 L L ) 008 oy 5 3 k1 [ 3 B CO0gI 2
S¥SY gon E] 1 o a e oo 4 LY 2 e 2L avazsag
Eor G ¥ L i a o o poor ¢ st [ o Ve otz
2z e E i 23 L a oo Ut k] € k-1 a1 s (73 el ]
aret g9 z 4 ] 2 o0a ggoz z 2 L] 3 [ o9 conigo
L& [o-3+] z z L & o ne nooe o 0z k] q 45 To0ZrNg
[ . ) 3 it [ 13 owa 14 g =3 ] o [
Wt ooy 0 78 a o L ) o i L] o US aEmers
oro o a B ) a oro 0o p2 @ o2 H] & B oOWmRs
wn g L] b a o ks o'z o oz § a g QOS5
Rl wn Q 133 L] a e oo o2 o & s © £v DOCZrETss
ao g =) ] i Q o oG W0z o [ L] i b GO0ZEEG
wrn LuvE) a ke 8 a w0 oo a [ ¥ G 17 BBLZBLG
oog o o 4 a o oos 203 o (=4 ¥ a B DANZIELG
e o 0 13 ¢ a a0 ooEL ) iz 14 & 48 SOOI
oog Gog o i o & a0 D08l o 24 ¥ u k1 COREALIG
e ooy o 123 o a aoo e EL L a2 ¥ i i3 fere AT
) w0 - 113 o o [eeled 0080 a 54 ¥ o 24 DOGZL 4¢3
We eog o H 0 ] a0g [ o iz ¥ [ Of  cosgme
D0 gop ] bE o a ora  oosl a 1z ¥ o B ooz
g ora L} i a ) Pl bkl o 34 ¥ i B2 CO0RS
Ralt) o ) 2 o i) o neL 9 [<4 £ 3 k4 el
oo Gog [ " 9 & oo k] o = Ed a 5t Dhazras
flegt] 00 a 3 ¢ a oo ouE L @ Z B ¥ O00EY RS
oo wo & i o o oo LU's ¢ (2 z a 2 TR
[0 o L) 2% [ o Lol oo'g 0 iz z & 4 lelvacds)
too #00 a 113 a 4 oo ek} & £z 2z ) % 00N 75
Bk oFe o 3 a o e GUE 0 @2 z & B SO0ZE
eiye) Wo 9 Lk o 9 [l 08 L 2 3 o 3 OOOT ey
o0g Reil) o H [l o 00l ore o t® z kil gt COOTE
w00 oop ] 13 2 7 L0 oog a €z z o 5 cocessam
060 a0 [3 41 o o g g} ] =3 z ] PL oaagkes
W'y g o 33 o o W nog C) (=4 Z o ix) FOREN L
&g 00 & BE o a e e ° k3 z o o OOz
we o o 33 a o 2u0 LuE o @ z G E SITIBL
&0 wo il 23 o a an f0'e b @2 z o k] Q0GB Ly
oy [£als) ° h o ) A Cixg o £z z i) 4 QBB Lib
200 g a b o a oo one a 2 Z v b GOOZIg i
oo furgil bl + a o ong {08 o t2 e a ¥ Q00T iw Ly
agn [Fle) 3] 13 o 1] aan 00'H 0 2 z o € LORZ
oeQ aanp a i [*) & 04 ik} o j4 z Q z QO Lir
o g o 113 a a oo ouE L (%4 (4 z t ST
are xn i) S o ) ovg ago L 5T a a & DODZT 1y
T Gead | Gwag | e ion IHOR T WIS IO ANV T GYIE ovad LS 0N LI WYL AR Gy DILE O Py it
WD oN % % Iming O [sh) NNGS N % kil NG G TN AN aN
NG D ATAND nwng
8043 ety

0 Mpusddy



CS) YA A0 N
SHILHVLE HdNOMv TN
BEVH 323

A WASTTESTER 3 NS
SOUEHVLS ALFTVLNON
SRV OT3

202
ey 4]
9wzl
LoEs
Gzl
e
gL
arer

WL
KD

BLi0 g adwy

Fafold Nnty dluarernol sawe- 135

£ = 9 We wenl g 3 e o WK ooge 3 H & [} 0z oo 5 + s [ 9
T iz ¢ CCO  orook g o L a LA ] El 51 2 3L agug [ 8 oz o
3 2z 0 WL oppet 3 9 5 o 0¥ cogg ¥ ¥ [ o 008l omap ¥ 5 5 @ 0
€ &z [ 90 prool g ¢ 52 9 W owy E 3 8 o 8T ooDg £ L s 0z ]
© e [ Y pegny [ 0 52 ) 00 Gy ¢ a 6l © WE gea z ] i3 0
£ 2 a a0 gapor  n 1 w2 o 0% opeys 1] g & 0 B poTe z & o a
¢ 22 [ 0E9  bo9; g ] w2 a OS2 gome H 3 6L g 0B ayop z H oz o
i = o e toop [ ] &z 2 00 paas 8 8 6L 0 9 noos z B H [ o
t = ) CE0 arooL g o £ 0 L0V gogs i ] 55 a 06y oobe L ' 3 =3 '
[ 21 ] 4 oo [ 4 = 7 OB ogos [ 2 6L ¢ WO soes o ] & o
t = bl we  wom g [ £ [ 0¥ Bogs E 8 [ v B0 poss a [ 8t 0
H ww o 0FY med g ] £ a DEUE G0 3 3 H 2 0bo  aggs o 3 & 3
t 21 ] WE oo 3 4 sz [ o5 popz [ 5 B ] WO oogs 0 & &t 0
£ = 9 WO opean 9 3 S o M 008 3 s + [ UG 00%e [ ] B q

L T [ 0 0% on g 9 sz ¢ oOSE a0y 8 4 & o 990 eoge o 4 & o
£ = a 890 oamol o ] @ [ 0Uve 008 4 ] L [ M9 o L @ 51 a
3 = [ wa ook g o = ¢ 1 aoe oose ] 3 8 4 wa g [ i &l s
£ iz o We oo g [ s¢ L] 00 Ofey ] $ & L} WO opEs a H 8 o
€ &z u 620 epoor g 0 £ a WY o ] . a - ] 060 qoss ) i [ .
T = o wWe ool ¢ a @ G ] e0e  oges § 3 sl 3 WO gaig [ zi 5 z

z £ [ 1 0F0 agonl [ 8 o o 0T DO% s 8 & ' W0 ooE 5 E b z
H z ¢ 060 opEar g o £ 9 BODE Q0Eg E] . 3 8 o 0T ougg o & £ ]
H 1 ] WE  0po6) v a k3 2 0391 oL b & Bl o G0 Bo g ] 9 5 0
® 2z 7 W ogool g [ s 0 W ppEs ¥ : a a g oogg 2 5l ] z
€ @ z 0D oown g o ] a e gaEy » L ¢ L L un s o L z z
s 2z 9 50 ad ool o o 5 o gL poae £ ¥ 2 o wWa o ooeg a S 5 s
3 0z T W3 e g o £ 5k} G02L qpme H z ] & a LU T o B H 1
8 41 a L T ] 3 L3 3 0% poen 5 ¥ o ] Gro gy a It ¥ v
] 20 1 038 0o'sg a 9 [ 5 W pisy i L 3 £ 0 00 mpEL @ 2 T a
[ 3 5 WS Gpap & 18 ] 4 000 poEg 4 8 P2 @ & oz 0 e H o
i 5L o o0 togg [ £ 4 L T paes ] ] o ] 860 gozl a g T o
ol - £ 009 gow a L 9 0 oHO goEs [ ] il 9 Lre aper o iz £ -
£ z 2 WE o oosg o L ] + 08 goey [ B £ & oo [LH a i B o
£ o 2 00 oo o @ H ° e sy q ] i 3 Loy o'y & £ | o
Fa & $ 9E0 gty # L] 5 T oF0  oo'ky [ 5 9 z ovy v o =1 ¢ 5
4 z 1 WO oo ¢ €= z z W8 ooy 0 5 »h L 200 ooe 0 3 v ]
14 [ ] o gai [ s a o 0 goEg 4 2l ‘ £ e 0oy 2 ¥ 3 a
[ 3 ] 20 e ] ® © ] LI [ ] o [ e LIRS a 2 5 g
I i ] 00 ugo o = 0 ] W0 oo o 5z 0 0 400 oy 9 4 L ]
e t v 009 oo [ [ o 0 o0 g 1] 3 b o oo ooy © et 3 ]
L4 ‘ 0 e e ¢ 7 o ] 't opp ] 3 ] o oy oot o 0 ' u
+ + o o ooy a o 0 [ 0 gon a < o 0 Ve o o 2 L v a
2 1 o We oog [ s 2 a ooy sy o £ o 2 oo =4 0 I B 1
L i o OO a0 0 4 a 2 200 oop o 52 0 ] oo voo a k4 o a
" ' 0 00 pay q £ 0 o teo  goo 3 92 9 a CrE 660 ] ] o g
¥ 3 @ «Wo  gop ] s o [ Wy tow [} w2 [ ] 000 vog 0 4 o a
4 i L] [ D a 4 o 0 80 mp a 52 9 o oo oo'o ] 52 o a
[ ' [ Wt ogn o ® k] a o gog o sz 5 a onw LY ] £ o [
4 i # C00  ago 0 5 o [ an  oop 9 52 0 ] o vo'n [ 4 t 0
2 L ] 0t pog 0 52 [ 0 o ooy a =3 o a oG o5y 0 =3 o G
4 1 L) o0 agp o £ [ ¢ WY oo o £ o ] a0 oo a 52 a o
52 ' 0 0% oo 2 52 a 0 o gan L] 52 [ 0 oo 0oy 2 @ [ o
L 3 a BH0 000 [ = ) @ W4 g [ 52 o # o oG o W a 2
) ' [ we  ggg 9 58 0 ° e aog 2 % 0 o sea uon a 4 ° a
[ L g 0o oo o 5 4 ] 00 prg [ 2 o [ oo e ] % L] ]
w2 ‘ ] I 5 [ - 0 [ We  ooo 0 5z o o 50 bao o 24 o 0
1 3 0 20T poo 9 52 a o o0 ego ] 52 o o ang a0 ] 5% o 9
" J 0 W0 oo o 3 o a e oy [ 5z ] o o3 oD 0 -1 1 [
¥z 3 o e oo 0 52 [ o 60 oo o £ o o #39 a0p 8 %z o o
3 L q WO ooa [ 5T [ 0 00 gsea [ £ o a 0o [l [ 5T [l o
-4 ' L] o0 ggm 0 3 o 4 we  oon ] E o o 50 oot o % o [
(4 - o ot oo 3 8 [ 0 «0 090 Ll £ g [ oo o ) S o [
¥ 3 o W oo [ sz ] 9 o) Gop [ E- 0 ¢ wo 500 0 = [ 2
" | ¢ w08 o 0 - 0 ) 810 gop a L] a ] 0] (0] G 5 0 a
I3 3 B We oog o 9z a [ 00 oog L] 5z [ L] oo 200 ] sz o %
% bl 2 Ge0  pop o L] o [ 9WE ooo g W ] ] g o @ G2 © 0
% e u 0y oy @ 5z [ @ 20 oo ] Ed Pl 0 oo ara ] £ o @
2 0 o o0 900 o 5% ] 9 00 opg o 5 o [ oD LT a sz a 0
=4 [ o LD ) 9 52 o 2 L0 0w a e o [ e 540 4 sz [ o
52 o ] We 00w [ & [ o e I 3 s [ a o0'p b 0 5 o o
£ ] ¢ s00 o0 0 E3 o o 0 oo ] L] o o 500 e o =4 o [
£ o o 008 ota 9 i a L] 0o gy ] 3 0 a oo o0 o 4 0 [
@ 0 4 e 00 o £ [ ] ®Woe g o sz o © D 009 ] 52 a ]
s 4 o e £ Q SZ [ @ bkl L] a @ a o o o a % [ L

WIS IATY Ovad O¥30™ [ WY IR THOR WL RIS S Qv w3 | o Iam IO RIS e o SAWT V3 Gead WALIN T TEOR Fwiam RIS T oG 0v2a
N O8N D o k) L) Mkna on o WD o ] % ALl ON N ko ON % k3 i) an N Wno oM
WHIND irikrg W N LTI e
2] J8tma ] wEsna

vivo I&ROE.«FNE»&MF—IGI PIREAAT YNYY | 25VHG

{dA-8) 92 ALIg

0062 A0S 1004 TNUIA
133roHd WA DINOLYSNOH

LD

&0k

e m o

AV

GRS
OGO
a00ELRLIG
T
COOT TG
BO0EH g
et

CDOE 8

CE £/
GO0EAR
BCAZ/EE
000E/TRH
COHRITIR
Loz
000 LA
BOE iR
6eaZIL
[Ty

00TEEE

Qosen.ei
TN
DUOZibosy
wovzHIEL
SO
000517
Q0BT
OOGLL
BI0ZL

ON0TISL 5
DU LG
QUOBA LiS
COOZMLEG
LULEiEs
[Slalet
OGS

UOOZICE
0%y
COTEA L ew
O00Zi4 1
ST
000RsP
00T 5
[Lurd b
GO0Z Bk
LOOEA

EICQ]

D Xspuaddy




BLio safny Pafoad sman sruoprznay smmot 13,

¢ E g ® a

a 4 3 oz [

o ¥ g [ 0

] ¥ 8 o a

a s L o [

@ » o ] W@ a

o 3 o H 52 2

a ¥ 1] & a2 a

z * a s = a

0 s © H 5 oz [

i H E § s az 0
z ‘ y oges 3 % w2 ) OBt
0 1 ° 002 e 3 5 o [ S0 oot
8 7 5 B WeE  opee 5 5 oz 9 Wz
[ ] H a oTOT orom s 5 o 9 FOL pOCRsN
8 P z § o toaz o0 o8 s 5 4 ] 88 DoomLL
8 £ + z 3 z 0 gone H ' H az ] Y
o091 nodE z 5 5 1 z T e £ a S oue ® 5 =4 4 (LI
8 oogz L oz H a z [ H 3 3 008l oo kS 5 0z 0 4B oanemr
oY pong ' 9 L] [ z ¢ [ z z ] V08l gooe v § % ) S5 oot
v o ' o s 1 3 H 3 a0 i @ z a 09 poag r H az 3 W povi
By gL 3 i £ ' ' * [ .3 ' 1 & | 00%L  Dooe > g 4 n oF ootz
ov o ' H iz 3 L + & E t o oo § # ' [ W goue v H =1 ' BL  onfRE
GO o1 ) w2 v ] L e ¢ ] v gow + s o 9 oS pops 3 3 £ o £ onozniz
o Coy o 23 v a P "% L 0 WE o 3 s o ¢ O0EL oums * s £ 0 b onoZian
005 0w a w [ o a 2 3 4 oYy ogn ¢ 52 2 o W nogs t & L] [ a 04 oomEmLe
€0 agw ] [ L ] b s 0 o Y pog 3 3 4 o a Wy gpag i g 18 t 08 odazeg
] oy o 2 v a WO g a 5 [ o WY sag a 7 0 o 0y ooe B & ES [ 25 Dbz
ooy Wy a 52 ' 9 70 oon [} 5 ] [ 50 opp o S a 0 o0F ooy v [ 6 9 @ 2§ 0oEE
e (539 [ L4 L 0 oro pap ) sz 0 q ove g0 0 < 0 a s g [ £ sl 2 s onoEnes
L5 210 o 4 3 ] we ooy o 7z [ L] 008 e 1 o o o 00 poky [} [ 9 0 5 noogens
ory ooy ] -2 [ 9 wo g a & [ 0 LU oog [ L] @ 0 e gavy 0 3 ) a by ooz
k) o0y & w L [ 000 oo ] 42 o @ o ago o L2 [ [l e g a © ak ] £ poozRHg
voa 1 o 4 3 ] We  pog o 5z 0 0 WE  pog @ 52 a [ WL poEg o 5 D a RS
oo ot'e ] ¥ s [ e aop a s L] 0 WY ago [ EC] @ 0 000 0y o & £ ' 200E/ |
+30 &0y ) vz L [ 0 g 2 k- [ 4 oo gow a 2 o [ 090 gl o a4 L ] 000z b5
[ oFe [ 4 3 a Wwe ooy o = a o W ope [ @ o 0 RO oo ] o e [ SULT
o o0y 4 i3 ' o o gop a 8 ] a Wy ogp 0 5% L] a oo gpes o aL 7L 3 00vE/SLi
o oy [ L3 3 0 o oo 2 52 0 o L ) a 52 a o o ooy o b » 0 002G
00 o0y a W 4 L] 900 gop a £ # o WO epp [ 2 [ o e apes o L # 4 DEOTLS
B oo Wy 6 ¥ L [ we g [ 52 o a 00 gag a 3] o ° 0% ongs a zh £ 0 a0z g
2 ooy o E4 ¢ o 000 oop o s a 2 ®e g 0 57 0 [ e00 pogs 4 Z4 £ o COS
By ey [ [ + 1 e ago a 3 L] o °0  oow o 2 [ a 8 ggzs [ z b 9 on0zeg
@u oo [ 5z 2 o WS oo ° 5 o @ W oy ] 2 0 2 W0 a0gs o z £ 0 S8 oaneys
=0 004 o 14 o a 00 oo o sz [ [ LL [ 52 0 [ 000 poEs 4 2L £ o S DGO
T 0% [ 4 a a eio oo a % o o 0 oow o £ o 9 00T gows 4 z 1 [ ¥ oo
ey Cro ° 52 2 o 006 oo ) = o [ wa oo a 5z [ 3 000 apzs 9 zs B ] 8 oaEs
ey 2] o 5z o a We  pow o %@ @ ] WD ooy a sz a v 0 gogs ] a1 =1 a 2 omzes
e aq [} 52 [ ] L30  pop o 3 ° 0 0E0 g0 2 <2 ] q 08D poEs 0 2 o + B onozngm
By #30 ® S o o e poe o 52 o ] wd gon 9 ko o 7 WO gogs L £ [ £ Bl aoorimeie
B w0 0 4 a [ W0 oo [ % L] [ 00 og - E] a 0 00 ke n [N g 0 A ooz
He 90 [ 5z ) ] WY g 1 = o ] 080 gow o E o 9 oo oo ] b z 3 9 oo
= e o 0 L o o we ooy o < a ] 00d oo ] 52 o k] 0o oir'e a w2 L 0 Sh o ommmisEe
By [ q 58 a [} 0a aog @ sz g 0 0D ot v £ © a neo oWy ¢ b 3 a oo come
s ton [ b o e e oo & 2 o a 06O g0 [ £ o a oo ooy a K2 : v DOOE/\Z Y
= oo o [ ] a we  oop 0 5 ] ] W1 eap ] 5z a b w0 0k [ (24 ' 0 Ll
w Hs a 4 ¢ o 0 o a £ [ [ e opg [ 52 o ] oo oty ° L] 3 9 aoezisL
By oon 3 b3 ] [ 00 oy ) 4 o 0 06O gon a 3 [ a w00 ouy 0 4 i o SO
i 0wy o s o a 00 oo [ 4 bl L) we oo o ol a ¢ o daE a ¥ + ] W00Zigap
= 205 4 k= 4 [ 050 gop [ 2 [ ] S0 oy [ sz ) ] B'g 80y o i 1 @ SRS
2u e [ & o ] 008 g z k3 o 0 o nop [ 52 o a R [ o 2 § o DO0Z/kLly
£ oy a % o a we  gog o Ed o @ ta  gop ] % a ¢ [ v [ [ L i O00ZsEEY
L c0n ¢ € a ] 950 gop a 52 9 L] 0T oog 3 52 2 o o00 1) & S [ e DOCER e
=u teo o % [ ] 008 ooq k] E4 ] o 0Ee gop o =3 o 9 wo 5 a 52 o ] VOOZI L
B w00 o % 0 9 W0 pow ] k4 4 o g gog o 52 0 o 0o oD [ 5z El a 02

R (e et o T NI AN OVIC T w3 | Wi SR LI R L Y T e WL THON W IOA RIS L Il T e ey eyt ELEN R T i
SOULSUVIS HIBONVLan SOUSUVLS AViNOW % % VWD oM Tow tmno o % %M on O WwnD on % MY ON % k) RS oN N kR on
S8y on3 §3¢¥nesy NS g FWIND 3N IEIND WIND Wi
ey E] Foina I E] woLna

(i-dA) oz 3t1g
VAT HRAOMVLIWAL IV LIGH PHPEMAS UNVY I 5SVHE
£O0Z AQFUS 1004 TYNuIA
103roud wiam oiNoLYSnon

3 Mpuaddy



SOUBILVES HAHOWYL a0

Ly qgabey

WY1aN TEGW

MY % NeDl %ONVEN % Nvan

LB

O-dag} iz anis
VAVD HRMOWYLINALI VLS ON 29004 vy 139%5d
060Z AGNLS TOOd TWRHIA
1O3FOYG ¥INY GINGLVSNOH

% NVIN % NI

eford Ay usieanoy wma - 134

'3h2p 4o aquiny oges FUp o) PRAIRIH0 10U BIM SaTIEw B6= uBnowgny Blon

Q0TSEE

tel DovEigm
WL ondmzse
SE o Gotemne
SEL oonzitam
SEL onoznam
L
B4 ooazielm
TIL ooozn e
T antzpue
B4 otwnm
L COCER e
Tt DROEASr
Bl ooz
S0F patEe.

$01 o00zabEs
L
o oO0ZE
6 00EEL
W oM
L Q0L

58 poodsy
o0

CrNO T anme

WYL

Ll

7 Xpuaitdy




BLiogwbuy o101 A vagema0L smvna - 134

8 'l o a
(] £ ] o ppgs 3 P 9 a
8 % ] W opEg ) ¢ % L B
[:3 2 [ DR oney ¢ I3 2] o o
H 2 o GO Qzs 9 2 8 L] a
] & L WOV ooy ] ¢ D 3 ]
[ 2 o 00bE oz g n L 3 L]
[ £ o ) 3 i 4 L) [ 0
3 o @ 02 oz H z 2l o a
8 2L a 02 oz 5 4 8 a [
] 2 L] W0t pogy 5 L 3 ] ) T
] 2t ) oUvE goze H L B ) oz Z1 z £ o
B 21 ] COGZ  gage 5 I 8 ] SEBE cazy z & 21 2
4 2 9 [SL AT H ¢ al z 0w oz 2 z o )
8 ¢ 2 00t guve ¥ z 5 8 4 WEr o2y 23 s o+ ]
@ 4 [ SOZL ohg % [ 51 o TUES ooz 21 z 3 a
5 i [ E pave € 5 N 9 ey gogs 2 2t b ]
L] s ] 0023 opg b [ 5L | 00®r  ozg 2z z B [ Z0L ponZisiy
4 &l [ WEL  opog T (S 5t z GOy oz £ i £ [ 003 oueRL
+ 3 & a WL saze £ 21 ) D Wer  opzs 2 4 & [ SE Q0OZELp
£ ¥ £ 3 BCEL  4pzg € ' z £l [ e £ E18 i ¢ VE uanmn
2 [} 5 o W3 oo 2 LA £ @ WE  pogs 2 2 ot o 88 000&G!
WO apcy 5 [ s 3 B8 poes 2 : {8 £ 0%y oozg 4 4 2i 1 : B ooz
U0 oges ] [ wr apEp ¢ £t Wrr oy 4 z 2] z a S8 Gop
o595 a i 1 0 WY oyow . OSE  gogy 5 ¢ T 2 ! 22 ooois
e ey 9 L i ] i e pove 2 v b v 28 Con2Ens
W0 goay 6 i e v L W ook z : s 13 [ 18 bozmas
CEO tosg 0 i l [} 0 o0 gagr L i L ¢ i 62 onozwEzy
wa gy a i s a a 0T oo a &l ¥ [ SL eanawEm
00 gy 1 L = t g or0 tsg o = E] [ 2L oomztig
WO gk [ 1 1 3 ° OF0 gowe 2 5 ] ¢ 0 ooz
ey [ " £l 0 o 008 goe © = 5 B 5§ oonemm
06 by 0 ) i 0 a 0% engp o tz 3 3 8 ooz
[ [ vl § ) ] G0 gbsy a iz [ o ¥ oanig
v ] * b ] ] o past ¢ Iz ¥ o 9 oomengyy
0 b a * e 0 0 sk 0ud opw [ 1z [ [ 25 w0ELs
oty 3 z i 2 % oros a i 8 00 pez v 2 ¢ © 3 roovsEs
o o ) H [ 00 poow ] 54 3 a0 o ] 2z € [ 8y oengMes
o0 o [ H ] 00 ooy [ 51 o 0 oum o S £ z Sk O00RILZS
oo rp o e 1 5 wE  ggp [ 5l o DG a0y ° 3 b Ll o bopgeEs
. 4 ) o ¥ 00 fops 9 sk o oo LUy o ¥ 3 q by dtonEsss
0047 [ ) E 1 00 opse a 9 & 0ag oy o 4 : & O ooz
] o 4 § o w0 pogy o Bl 5 oro e a L P 0 68 puozmisg
i) 0 oz 5 z 000 o ] 9l 6 ono 13 [ # | i <L on0EsLg
o0y [ = c a 000 poez a B 4 ooy oo 2 52 [ ] T ogman:
a0z ¢ 2z H [ o090 oo @ 8 < oop oo o 3 o 2 OIS
A ] = £ o o0 oowg ° A ) o o'g 0 s o o O
oo a =4 3 v 004 g8 a L ¢ v a og0 2 W 5 o CORE G
we ] 2 z [ U0 vy [ &t ] ot'e 0B g L] 5z © ] 0E0Z/SIS
soE o £ z o o ] £ E g2 200 [LEY 0 oz o ] ootk
uo'g g -4 z L DO oo o [ E] =3 coo oo a 4 [ 0 CAZES;
a0y ] ¥ i 0 e gz o 22 t 2 0y aro ] w2 © a SRz
[ [ 23 v 9 we  pog a sz a 58 oo oY L] sz v o CO0ZELE
i 0 bz 3 [ o800 o9 ] a7 q 52 au'o cow a k4 0 & et
ooy ] £ £ o we gy o 42z [ s 60 o a 52 ] o 0002321
o0 [ I3 4 o WY bog ] sz o ] too aog o % [ 0 000ISEY
cav 0 i L ] 50 gog o 52 o -2 v o0 L] 92 k] q Bl GOnEE
onp o £ 3 ] W0 ogp ) Ed 0 5 2o g o [ ] ) B oonmian
s a 7 . o we  gop ] 2 2 -4 a0 oo 0 sz a 0 £ oty
e ] ¥ ' B e pgg 0 A ] = 0o a0 [ 5% a a FEo aoieLy
oo o % ° o W0 opp a S o £ g o Ll sz [ o 2Ly
oz [ 5 a [ W0 g9 ] 52 a sz oup oo g 0 k4 o 2 Oy
00 ] £ a a 0% oo 0 s [ & e awn [ -1 a o a0z /¢
Bl ] %% ] v We oo ] £ o k4 v o500 ] 5 [ 9 LO02fPLY
"o [ E e [ 800 ogo ] %2 ] a2 [0 oo ] =4 o ] COGEIEL 5
w0 ] s a 0 tog opg 2 8z © £ G0 0o ] B3 0 o 000ZE1 /4
o i 52 o 4 03 o 0 W 0 k3 o oto o % [ o 000zs bk
Q00 ] 52 L] @ o0 ggg ] = o @ ong opy ] =4 © @ AGa/0L 17
NS EETBVE 50 EE ED7E v AL RIS AN IO Gwen AT E T Ty [ EL e AiIN THER FvIgn [SIE THOW TR TR Weldw
SMLILYLS ALV IzOK £ % TRND O R % k) WG omM OoN WD on k3 L AWND T el rwing ik k] % NG Ok UN nwng ON
SSvHoO93 S8V o3 IGNNG D WD Cveng WD TN WA g
asemg Zsoma sEens

(Z-da-a) 1z 3nis
VIYC HRONY L TAL 1T o FRAAS YN | ISUHY
DABE AGIUS TGOd Twiyas
193roud ¥amN oNoLvsnoN

9 apuscdy



qijogiedng FfoId sany opuoisanoy sme . 11,

¥82 1L ask ey Epid LiFs a560 et Loy oREL I3 F a. a a'ss Pl #1 Ft 1% o fele-1) Cory vl 3 Ll Eb o L1 00w L L L o
1374 4 YT M5y Gz T 0383 oy Loz TEEL £ 4 B o LEes o0’y L ¥ it T 9025 a0wk 1 [ EE o ey oy ¥l i ES ]
182 L3 [%-13 fua 14 S8 Lirs fix-l:14 Lo e mzEL I £ Bl & 00’5y L0 by ¥ ¥l 39 L] 0es [ e £ #h 3} © anes 00Py ¥ th L o
VEe L b8 1Y Rk Faz i¥'s 881 s jEly -t e FEL ra 4 B o oles [k el ¥l 4 ¥ i o [ihr4+3 00k 5 4 ¥L i [} 6Ues T ey kS ¥ i3 o
D Ta L8 Gy 3L oL ABEL qI LG 00w o3ZL I3 £ al Qq 002¢  oopw T ¥l kL ] DiEy  boer L ¥ b ) 8% 90'by L13 L W 2
g 7 L5} gy kx4 23 0841 ooty e 2QzL £ 4 B ¢ 402y (S 1% 3 ¥ i 2 Er (20 i P i ) 0085 L ¥l ¥ i o
%2 a9 pr 4l B 5k SLE 0 TBEL fei3- B08L WEL F3 I3 ar 0 LLC: DI Y Zi Tl 3% o Lrug:t B Y T &5 L bl Ared oY Fl L 133 o
e 04 AT et ¥E WL GEBL B048 ez TFEL Fa £ Hi o Loar o0y Z ¥ 1 a CUBF 00 R 2 e L iy o ones 0Py ¥ ¥ 13 ]
LR 4] LBEL 2y B2 ol u'sEL Ty MBE ek L 4 & a Q0B Cher Z3 3 ¥l L a Lo¥F 0wy 33 ¥ 3 9 ey o'y L3 kL L *]
i8G o5 OEEL oYLy 84z e ogel o5 e Loy £ £ B o Low onbe 13 i ¥ B B 00be a0 1 v b i @ COas frak 2 ¥l b it a
&5 ¥y ¢ GORE S ¥4 965 fias HWEZ Wz L F 1Y 2] M or O e 2% k3 33 o 038z T ¥y Iy i 13} il MWes OO L3 ¥l " o
v @y auLL e & 04 2961 [0 oo 8z [ 4 L k4 i oA o oF ¥l ) L 0BT e I3 L i3 o fEd- S0 ve i L b )
E¥l 9 G oneE EL I3 Hi4 Eriely ey [z 7 4 z al a WO ok LH S ok o feiy oY vy 4 ¥l H o g5 L 2 13 o 3 i
£t g asiL G ET 952 ¥ L81E 0008 0OEE Loz & Z Bl o eiel) Lk Bl ¥ 54 B Z aD'E 00+ I Bl £3Y & 0395 o pe i ¥ 113 ]
430 g9 LAzl Givig LY 58 ks orEy it WML £ 2 ak & 0098 k-4 & 1 L 1] LLE S 24 ¥i H § ooes O b T # i @
45t L £pLL AW 2E 048 g8 L0 Frt o0BE CHTL £ E a e o9t ooEe & £ ¥ & unss [Uvhuld I kLl L3 L Lo Tey ¥l ¥ 33 o
PR ¥ [ g EEL g EE 449y e WL £ 4 &k a Bt 50TE € i 8 o Toe 0IoE r a ] ¢ oo'ss G by ¥ ¥ L a
ist gy Lk WLL iy pE [ixi Lo [r: 4 ToEL Fa £ L & L9 mze 3 s 4 4 [ 0o7L z fa a bl o095 B0t i L1 L n
Ea 4 oy L4y Lode LY veE [ig:34 G EY ez WEL L ‘ 8l 0 e [1:33+ 11 4 B o B goer Z 3 24 & z usd-2S Ty b i " 4
e ¢ LTOT el 4 L LA 1Y Tive onty VEEZ TEL £ w 4 EH o ooy og2e 3 b £ 8 4 e oz k] 5 8 b Loag kR kS L3 3 o
LA ¥ T HRE =8 T gy L9235 e 4 204 HEL B £ Bl a wee e 8 1 Bl 4 2z aa g Ludlive Ll [ 5 o 0035 L3 bL i i
B9y pz L8T Loy ¥t pZL ozig L334 GOHT DL £l r B b e o 2 L % bl oks o & a2 kl e e aer ¥ ) 3% o
L2 Y i [rras LRI 1) fiat] DTEE 20°¥E 0zs El r L o WRE  ngor [ o § [ BOYE Go0E § 0z g i e EE vy L i 9
1er 4B Ei&h o2y B8 R 4588 DR ik Loz b ¥ 4 Bi + R e I3 a2 g a one oG £l 1z ¥ T CRLS 00k i L i )
LA I [} e i85 0T poss SR [ige4 U0E§ £ b L] Fay k4 W ager £ © g ] B RE L £l ke L4 0 [ 4] FE vy £ P L i1 2
9y B3 £ GEL ez €85 wOL 2ppe Lks or g So0g ¥ 03 8 o Lo oode I Ti k] a 00 've bk-18 k2 iz ¥ @ Loy W 1 3 & 133 L]
LA FX: 13 [k e ym L0Ey SB5E 20 a0y ¥ 3 ok st o G QvoZ 3 = g i Lorve oiss B 2 v Q [l Oy 123 ¥l i a
ey ¥y Lvit irsz 85 ye LUty [k RE1Y il E H 5 o ez Booe I 3 og g 3 0w Loh-18 9 e ¥4 L i hyyy LR 33 By 7% )
85 P Ey-104 00w ivE b Lpdy L3I 2071 k] £ ok El a 00 R g-18 9 (=4 v o bl Ty o0 v 14 * 0 [ [us 2 3% ¥l 41 i
il (3 208 SR L) B iy 00FE 243 eike] T & 4 3 Gz ongu g E) iE L4 a ol ekoT ¥ z iz ¥ o & vy LR 13 £ ¥ (39 o
L45 e £l oy T2 P oty g wozL weE 1 kb 14 ) eE; Lk E 54 ¥ 4 08 P03z I [ * o e 004w 8 z ¥ b 9
8P 5 Ty [ 19 4 b e fuei LIes € B 1) ¥ 1 el g T L 34 v 0 LioX:] oo 2 4 L4 9 L ey 2 3 3 L o
493 0 o+a W2 FBE v oLt faze e ouzs 2 2 & £ o oog a0'g 4 1z ¥ z ord Lk 13 z z 4 L4 k4 L0024 i ey g £ wh 5 q
LATL BE £33 aag T L Oy [2:3:4 ws L0es & 24 s T oga (%) 2 @ <z L) [ski] ooa a b4 < B ouaL 03 vk B4 e 133 1
24ZL 8% 85 we e L el s o 0B Loord) o E1 T 2] [sh) aas Zz @ z I Reirle) [uig] o i z o o1 Tl ey v il 1 a
L 8t 188 GOy LES £} UErg 0R2 Goa et a [43 e & ik ooy 2 3 iz z o ong o0E ] A z 1 [T [ 2 ¥ L EL o
¥isL gt g [ ESE 2l gpes GERE o 90z o 24 Lo * L e 3 3 2 z a oo ik ) ) iz z 0 [EoF-1 bl ¥ i 1) a
te® o o Loe 284 6 k414 L0k ma U0 a D El 8 il e bl b z ] 0ot a0 a tz z Q Ky 2 o4 Ed (3 39 o
4062 0% L) ) 548 48 0t Lot [eahsl Liar2Y o zZ £ z Lkl L] o © € i tee Lok} o iz 2 n w0 vy ¥ 3 L4 14 13
Ll 314 Erih ) Zehy rn TLEL aeEd Boa wr 2] b b & el ooy 1§ e 3 v [k 08% o BE < i @0TE o) .44 i £ 3 0
FoeE oy LR (LR & vL A 134 avar 500 L0 & 2 13 3 Lalki] 500 a kA 4 4 oa R ) i 1 1] wzl iy % b 2L -3 )
0uRz o7 bar rorA e zm g e noa (0] a 4 a 3 oo uow & 14 o L me e a 2 3 & ech-] aley z z 1 ra a
B UG oo Y DR TR ] e e G SO0 o 58 0 3] won 20 a 52 o o e il ] L4 b ) [l Ltz o Bl I3 &
L 333 a0 ooy 3 i9 e o8 aoy ou'd a ko & @ bl 531 & 2 ] ) 09 sy Q E 3 a oG on 82 ki LB < o
o an o ong CLEEE A ] sl Doy Qre Mz T s e o [0+ ey 0 52 @ 9 20q 'y o 14 3 C are iz o &l < i
B va an &oa THSL g Lak:1} arg e lue] a k24 q [ il sk i 5z L] Ul oo o'y a Ed i 9 ek ilsk: i LB £ Ll
Bl ue o9 b TS BT o0g e Lusgsd o 52 G [+] we T L] sz a & 220 L o [ 3 3 Lol GO 4] # 2 i
L& w0 aw kel 0uHE g k1 'L Hea Ll Q G2 L o Ho oba ki L D ) g o Q SZ o Ll oo g oD 52 4 8 ra o Gh UREAEE
Su o w9 o TOE oy SgEL oy o G & 5T ¢ o ooa [aks] 0 b @ a uii fuiti] 4 5 @ o k) lig =4 o Bl z & L DOOZRZS
ey &4a ap Rtsgd Mg og o454 e uEp G0 L 4 D a s3] £l & =z o o by oon o sz o 9 R otiag 3 aL < L (24 DEHELNG
LS o o we oz g TE6L [4=F 4 P Wy & = o i ) P [ = a o aGo Plini] C 52 & o e Lk v B I3 z id DONZHE LIS
e oo )] feadal 0taz  og XLl WG g Lan o o ] o Mo opg L] 52 o o 0o wn u w2 o a oo o0 4z & [ 5 o &E SHORILLTG
2u oD o7 fukn tenz  gs Ligealy DG e Rk ¢ 2 13 o o) (ol g ° k4 a qa 9ra age o 57 2 L] li>hd 0T o w2 g T F BOOZELIE
L oo a0 ora a8z ng T g poT oo a % a Q Load B0 ¢ = o o ok 1] oo ] 82 o 0 oy a0g & £ 4 o it DA /G
By ot 5] [k ronE ez 3} [isk4 iR Lipgd 1 L o b ek L) o L4 a 43 900 wro [ 52 L ] LLilF) wod o =4 & 7 e DO0Z:31/5
U &g &0 ) TR 0a a5 e noa Lt 9 @< a a M oK a & ° o oot ann ] kA o a a0 e a 0 z o 33 BOreves
e o8 o Lot S oz et nae fe2e) L) i 5 4 o oo Lk 1] S8 L 9 L] Mg ° 5z a & oo oy o @ z £ a9z WRRIENT
L Lo aw 0 0eE o -l Liotd wa ea o 82 9 ] k] ova a 5 o o ek il oo'e a9 ki o a ki) '8 & 7 z o 22 DOOZG/3
L o oa we toE oz a5 bee o Lilakry & £ [ @ oatr Lake) ] £ ) a il aca o £ [ & e oy o 7z z = R4 [t 1
L o 8 qxg ogE oz o8k agz oca el a ki a9 a are risgs) Q 2 ) [+] ot goo Q kS o a ona 208 o =2 [ 0 5 [lelestottcd
9 g 09 g Qo o ool [ aae os @ 52 [ o oo Lk D £ L) a a9 aan ) 5% g o nan herk o o z i ki QO0ZE 73
By oo op L0 LLECC T RIS Lk eog (] a @ a ) e oo a 58 & o ot o0 a 3 o o GOt o0'E ¢ 7 4 o o FOTIS
LT op 90 0eg GIRE e T84 ks GG 2090 & 5 o o to'g 0% o 88 0 9 a0 0 a0 i3 e & i 00'g o0d 9 £Z Z & 61 D00 25
L a0 oo L2 G oe [ aoe oo e o &2 o L] f0a o 0 5 @ ° L) oo 0 9% o a 90 onE a w2 2 o & platd-n
ru o 0 o o 9% 19t E 28 Loihi] [+ 52 ki L} ora a0s 2 52 o Q W juinl kg 9 a i ekl 408 o pr 3 2 pd) QEOXBEY
L figs] e Lokl fa0E oe [0 Q02 fer) Lon o 52 aQ o dae L'y Q s b3 o Relad e L] G2 o ] Ll o0'g ] x4 z 3 1 QR
L o ¥a feelad Qe a1 ad GUL wg Qg g & gz [ il [ 0ua o 5 0 o 00 *his] o 4z 2] ] 005 R g o i 3 3 Pl DG Ty
B Lol o 900 e o oy w1 oo oa o 52 ® o Lo a0 Q £ 0 a g oo o sz i a oo 0o% a ¥e b o Zb WBTIE
L og &9 oga a0 9L oF ik W Lk & 4 o 2 og e ¢ ] < 0 a aga 400 @ L Ll T ey My o ¥z 3 ° i1 QODZ/BAsY
By &0 Lolr) Lokl 0408 o3 2 aa'k [=1:44) Rl L] g2 ] o AT B0 o 52 ° & 8o oy o 32 o o ag ooy [ W i o 13 QHEBLH
s 3:] L] ek Lian Y o' ofF's e 9T o k4 T o oeo Bog o s a o o tra & 52 ] r oD Ly © oz b T g pLE GRS
By 9 [ Wo Do oy ¥ boay QoD okl ) & ] L (e &0 ] 52 o ] oo o 2] 4 o o o0 Wy a FA S o s TG
au o [:31) & ot gy Lh g 0oy iyl 9o e 4 o o boa e [ kA o a iias) a0o & 5z 4 L oo 'y o Wi 3 o 8 PR
BU ta a0 Loa LEc pcad Kl oo (s3] o 5 a ] ne oro q 82 o o Lok oo a 5 L] ) agf Wt & 2 1 1 5 SOOI
B &0 of s Ba o 20 wa i) Lk r k4 ¢ a =0k a0 o = a ] 30 Log o 4 9 ° oog WG o 4 L & ¥ OR0Z3 Lfy
U o an 2] sy ag o Lold) org el 0 k4 Q a QT 600 9 k4 o ¢ Rk oo 9 52 ° L] i) mo a ST Q 0 € plasy
e Lo2e] ) g ey b a0 oy oo g bl e ° o coqa g e S 0 a fuad fer) ¢ sz 9 L Y e [ =1 o o e OBy
AL WS TR WA 30 NG AL T IHGR v g LI CRATY O7aG  Ov Sl WL 0N e L an Yavlaw IR Gvag VAT TAFIIN  LAOM A LI WYL TSR Gl owan WYL TINON ARSIV LaR MW AT GVaG T 2lva
SHISIVYLE HaBONYLIN SOMLFILVLS Aurmvivon Yo * NN O ON D ON % % Iwming o L] NG ON £ % Liaslin] ON ON K lys) ON % e Rl aon O i) ON
SV sea SSYH 203 RS g WHND INkinD TNAND . TRNG IND
freons NI F0NF hall E23
Zdaee 1z aLis

vivag HIHONYIIWIAL IVINOW pageaus PNVH 1 38VHd
LDOZ AGMLS 10Cd TYNM3A
103rO¥d HAAM DMNOLYSNON

Jpueddy



640 L ufny

Bafoig sy SwapEnol ava - 134

L Dy (2423 W05 5% o9 LZm WSy es 00By I+ 3 b3 43 o GEOs  Gook 55 S -3 0aZE £t I 8 a9 Sy 0 M ) £ L) 4L COCTISES
LLEE-R 4] £¥51 o vg 8 0y LTPE L% Loer Gaes 2k (4} Zl b WeE ooy Sh L1 ar ooar i £ 8 L] [ilsaeid oo og 0 3 LD o 34 KOLLTIE
gz zw 25 U0 g8 0o 425 o0 00 By D0EY &b b L 43 a s ooy 55 L ol Kze £b i £l o upar =) T oL LE) o 336 CODEAZH
LRSI 1) 2HiL oGS % 99 LZkE ek qQd ve ohay 113 T z+ @ ayee  sooy 5L EH o4 o onds b £ L] a a0y HILE o ot sk a 3 Loozis e
BYE gy (713 LLiRs-) EE LEFL 055y M by o0eY 3} £ i . ons [l S Ll oL bl GhEL £ ik B ° [Sokel] Diyoa o 13 &4 & 213 OOIE LS
¥ 9y Lpid oI5 aw  ay L8EL S0y L ey 33 i be 4 W Cigy sk &1 Ll a 00z 2+ £ ¥ L Waor KO o o s o ask comisie
LA - B AW Wiz L1 YY) 00 ¥ 0O aokr 1) EL i 0 [ R BN 54 st 13 9 o & L & o Wor  egos 3 o3 G o 85F  COCZRLE
B 9% s BeEs 85 &% cEne oxs OOYY oo i 1 28 [ o009 ooy st St ol a [ i 2 a a L0y ooom 43 23 5t o LTV ST
W §F gen s 88 é5 sagl Sbh WE 0%k 23 s H a 0008 Gaow 8l B -3 ] 0Tt 24 I3 B 0 woy oo 3 o L1 o PR v 4
By Bg Fa 713 es 4% 63 LX: 14 o oy o [k o 3} wh it o 0G98 006k L1 i1 ok a F02E ZL £ B & figel ] LI0a o gb & a B UDOGE LG
&3 ¥y fx7a (R 8% 55 L e Lk AP 3 ¥ L & WEY o0y & 5% n 4 Dozs 21 Lk 8 o [iageld U o a 5 o 284 CO0vAe
&%y &Ry ALE L ] LBL4 O8'vy 0Fy a0 e 13} vl 3 ] o8 oo £l St oL bl 8YRE £ i B @ [rlrded Sios o oL LR aJ oaL Q0T B
-3 ] L¥iL s LR S (2133 [l Co'ys Loy i Z » 33 o Tore onoy H Gh @ [ [lar 3 b 5 k] g ag oy 006 o % Ll o 28 ABT/RAE
toe 22 L8952 2046 B82 &g La8k 20 ¥y ad Ge 00 ¥r & L3 1 Ll Lo ek 51 5k Ok i+ oaze 43 3 2k & b o0 3y oda o o 54 k12 L QOOT/E2IB
-2 ) EZEL 00 G 98 53 £BEE 0 'pp oo [ L} ¥l 113 L] toos  adak St b 2 [ aoze ok <3 # a fiagitg fudts [d3 ai T o STl DCOTNES
LRV sy G us 282 45 2850 bk 208 SRR L # ial & 0008 eToy D 3k o T ooEe 9 s 8 o ekl [Fi3] 3 oo 5 o it QO0TL L
LEE B Tkt sk LR LELL kg ey 90 b & » L3 EH Z CE09  00nw &5 b kS ok a T a & k] Q Tear oo a3 9 + bl (£ L0z L8
ZEh 46 Tl ey 862 T £¥5H W cans g4 5 a & & 0g%s  ohoy L L H B G GoTE B ZE L] 3 000y i) ok Bt - o B2 Az R
FTP v8 q25¢ Wk Tit  s§9 €581 G01e Lged WE g ab B a 0023 0e Eb &L o a ey 3 L3 i o o ow ] G ok S0 8 sk DOOZ/4 178
9Zv  vE  oZst 00'kp [ I L B X~ 2337 ol oget 5 8 & 3 TOEE  oUgr £ s a4 [ ) 3 1 as “ a 00wy B o 0 G o LATI e
R LETT ] ©EL  8s Rl vy W0 I sE % B & 4 0Zs  Soow i L ok z oneg g B < & e G009 b &b i il i [eend g
EULE Y] LE0T [eknd L1 (31 O BY ooz GOTE & z a4 ° 207 oodr 1 b £ B [+] 00BZ 3k + B & ) futiil g ades L3 03 3L i Bl DC0ZE/8
Lk e rEez 604y 9% %8 oraL 2048 o soEg $ 5 [ i 008y poEe Z1 z I 4 o LOBE k8 3 8l 3 [ COGE  pies o 3 b ¥ o B 000D
[3- N LIS 0T 0028 B¥E ¥E Dy o s o ooeg 5 L 2 8 7 Goor  onze [ r 1 B [ 005 L33 4 ak Pl 3 ©IAE o0gs 3 ¥ 0 Tl B Bhe o oeRned
B9 &% smgl =3 0ok 88 sbig oy CFA fokE i a3 § 3 00ge iz & ' 2 8 o 214 43 3 &L 5 o wes  opgs 8 3 z £ | 052 o002z
00 gy L Qs LeE 5y uBzz 074 0% oz i ZZ T ) LhEE  ppas 4 £tk E] U 00 L &1 3 e Bz a0ge < z P £ 5 PLU T TS
99% &y f143 Jeley-2 sBr s iial urez oy LoEs b4 [ £ T [15FA4 a2y & A% a Z o4 L B E 3 0otz oo by 4 L3 b g Wi QOOTAZE
F Ay goe (284 9% 8% f£sEL 00 52 098l ooz b [=d € a =24 SR B L1 £ a o0az § >3 S L LIS 00w 5 [ i3 a 20BL DODZELL
L 2 T 90 52 S 89 gses o5 i ey 13 =z T [} WEL Do 8 3 3 z oo e L] ax B [ 000 uuw § i3 33 [ O 003Nl
53¢ 8y e [ L B ) (472 oz 9IEL a0 ¥ 3 2z € 4 00ZE  pEL ] z 14 v s i) 4 & 3 o 5 o 060z paze 5 + 2h 4 B S§ pR0ZRLL
L2 S o 5Tr  ®E gas [2-H8 LTI A £ = £ L % ops Bl L = % [ 00TE g ¥ @ 5 3 009 oose » H L3 2 £ €8 ooz
ST 81 b G355 §5F 3 L4y TosL WL [ 3 T EZ T a 008 doz & B = T a ek 18 * & b2 ¥ o a0z 2374 t Bl g kil L] 02z
¥I8 sz sug o0k 55F g 230 o051 [l 08 3 4 z o TIO tDE ¥ 3 % I3 o oo'sk 2 1z ¥ [ i1 oy'ez b ' i 9 0 5 C00EMS
20 8 £ e 35k bR LBV 0irss ooy L] 1 2 z o gy oz i e L 3 pk:H z 3 2 ¥ o W [EER T -3 & b a8 RueA
L¥s s £pl oty Zar  ay Get ng o] b 3 t2 z 0 oog '8 £ w Z ‘] a0l 1 12 ¥ a oog [ige z 0z ki a 8 ettt ]
L¥ 61 £¥ &hs I be 05E e 20r 0% L b Z & i oo £ £z z 7 00E: L i3 iz ¥ o o e Q008 [ 0z ¥ & <8 WHRSTIG
[CE -1 e ary LEC . T oEL (1Y o ¢ €@ z b 00T e g B 54 z a gk 9 14 i ° vo% o 2 w 5 g i@ DDrEEzg
84 &1 1l oo gy oy FeE 0l oy Rl 3 + @ z o oo avE Z 3 1w 4 3 0Qgy o i ¥ 2] e oone g b oz $ 3 B usledirdy
SEL & €5 ooT ¥ ot 09 0085 00 s q 52 z o $0v ooy 3 1z 3 3 oYL a 53 v o oa'e P L 12 ¥ 1 54 oooiEEn
LRI A s e a5 9z LB otk v e o j+4 z 4] ou'E wE 1 Ed 3 0 ugE L] iz ¥ 4 luce [LiE1% 1 i 2z € b k23 DOOLE Y
oo 04 ve 65 FRL 01 o 992 naa wE o =4 z v Lo one L 2 1 ] o [ z [ oY ooE a € z 4 o8 gz
veE pi v a'k R 33 av s g Gy [ L4 L a ok sk L 2 3 a o b4 z 3 o ooy a (4 B o LT
oToE 0l oF oyt Gy 04 av o0 T H0F © v H 4 Wy 0oy b 3 ¥ ' 3 o = 2 0 oo WE o 2 L [ B gDERsm
B4 pn o0 o000 ooy o4 (54 () o (034 a %2 3 a 90T oy o e 4 o a £z z o ) ot 2 L3 ' o ¥R a00Eng
e gp og o ooe gl oF 6a's o ooy [ 1 3 [ 1) e a T 3 o 1] tz 4 0 oo'e =) a £ B [} €5 GOGZ LG
B oa oo 2] sor oy ¥ 05 a0 alE & ¥ 3 i foigH £ o L 1 & o 124 z o @ oy G L 3 &8 25 QA0EI0ESS
wu 48 o0 W ao g oy ors L] My o 4 L Q ore 0% o ¥ 3 a ] w z i) oG oy b w 3 1) L DO0ZAZ/S
B an 143 oy Bor G4 0% filah:3 a0 0k 2 2 ) ] oo ooy ) L4 3 o i 124 z ") G e u 24 3 o aF Q0TS
By og a0 oo Uer 0 L'k on's ong e bl 32 3 ) g oy o ¥z 3 a a 1@ z & o o'y & 2 ] a b DOLZEIS
Bl B oD [ela3:3 agr 4L oy c's 200 oy o 124 } 0 [UH5) o'y a 0 L o o iz T a oo L g L 24 b o i LuneRzis
L an oa Go'o Coy ol 4% Wy aa¢ g L L4 i & 430 oo’y o g 1 & L iz z o ato w¥ 4 L L 3 it DOL/ELIE
L] ) 90 are Ty oy Bad o5 oG a oly 0 W 3 i oog a0y a ¥z 1 ] o %= [ o oo oy 9 B B o op DOOER S
e a0 oo i ENE I Lol o'y tee o 53 52 a L oo o oy o w2 i & i T z ° (1) 'y ) e 3 il B LR
L ag T Lo LES I Y L auy wa a0G a 2 o [ 09 ooy 4 2 b @ a £ o 1 oos L @ 2 i a L 000ZseLiG
Eu oy a5 awe R ts wre L0 cda o 5€ a o oeQ wo Qa G2 o © ] L4 " o ol LR o ¥ 3 & it AREES
U go g ) 55 g €5 Wz s0g o o = o a we o o 52 a 0 [ ¥z 3 o oon ooy I B + a ¥L DOO0TELS
e gy o 010 85 & £ [Cord o0y ) o 4 o a [ R )Y 9 82 o 4 [ ve P o 000 aae 0 54 3 c M oopEs
u 90 L34 ooq T 5 ik we g r 52 ) o o ne'g o 52 0 a a 0 3 ° g oo ¢ i 1 4a ag DGR
= og a0 ato LTI 1 o8 k4 o o0a 9 52 o ) v oY a k- il o o 4 } a one Ll a ¥ B o L2 QONEIZN
Y w0 0g nae 8%z Y faz e a0 I k4 a ¢ i) 0o L] 5z a o T [ 3 o aco il o B L o = ey
Bu 53 & e 55 71 s e o0a o Q 5 o a e wWo 3 L1 o o o e 4 a no oy 9 w 4 o kA QOUEKAS
Lt 5o un 00 S8k 2% T4 e ooo rde) o ¢ a L] ey o0y o 5z & ! 4 L4 3 3 00 g o L 3 & 2 0L
L Lk &4 fr] L3/ Y oy anh [k WG i 52 9 bl " o o w2 o a L] 2 @ a nog Oy i ¥ 1 a o CODZRE
Bu &0 an W TO0E ab ar s wa oo o w7 1] a oeg Qs Q 52 & & o = o o 8T G q 4 1 o 6L SOTTLEE
L ag ") fuLbd oesz o) 0¥ L a6 WE & 52 a @ fusiel rad] o 5 o a ) 4 o & ol oy L L4 b & &1 QO0Z/GTIy
L <413 40 L) rwe o3 i d o 0o G 2 o< o a ooa Ll 2] 2 o o B k4 Q o G0'd 2k 0 ¥ b ) pa CORSEY
wY &0 oo oG ane ol L g o0 it B0 ) 52 a o ago ong © 5E 0 L 7 sz ) o ag ooy ) Ll i bl Hh el
B ag oo o L oy LR we Wz i 114 i} L) 00 "o @ sa 0 o o 52 Ll q oos ik g a9 w2 i a o ooy
By 7] a0 oo Gaee ot or oas Y wa B £ a e oo oo L] k4 @ & ° k4 o ] ota oy o 1 L o [4% AGLZ e
Hu o0 od won O Ok 0¥ W g ik ed & 2 o 4 @ac wa o = o g 9 5z @ & oo 0y ) L= 1 i i OO0y
oy oa oy T By aF o't D0 ) 2 4 13 a Dy oon 9 52 o o o L 0 o MY ' ) ¥ 3 L oL gatziEy
L %o aw airg e 13 a3 o 800 £0'0 Q s Q o ofn oy ) 2 a a a w5 o o W ang 4 52 ° & & DOOZALL
Y LEH 6o B sy g &a a0y BT ooy a 82 e o oo dop a G2 o o ] 52 a a e W 9 4 a [ I3 COME L
wu oo 98 mo o o an Lokl o fifigi] o 42 a o o g o e a a4 b 4 o o oo og g o 4 o o K DT
L e il s b o v furk] Lok} 4D a 52 o O (k] aag a 2 ° o ) 2 a Q oo Lol ] 4 9 i) g 000251/
BY ug a0 oy W & kel oo wo 2] ") 58 & o oo oy o 4 a T a ki it 0 wo Mg o =4 ) @ ¥ SUOTE Y
W gp 00 oo w gp &Q 000 00 G o o [ 4 0 0t oow o 5 0 9 a L4 a a [&l] 2] & & @ a £ 000
e g a8 onn L e a0 o [le) g o 4 a ) ure me a 9% & o o 5 ] o 040 a0 a 4 o o 4 GOGER
A WIS REFEVR % SO TR Bl A VISE TS WA EIECLCETT FTTre e L ST N T ) GV20 TRYIS [oon WYLIR ATSA AT AvAEG dvdd P L34 THon WLIN RIS T GTEL] OV3A P